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Figure 1. Rainforest in Borneo. Photo by Duke Abruzzi, through Creative Commons.

Diversity – Geographic Differences
Only in the 21st century are we seeing publications
with keys that cover broad areas or a wide range of taxa in
the tropics, especially the Neotropics. This lack of
taxonomic understanding has hindered our understanding
of diversity and geographic differences.
Among these recent publications, the publication by
Gradstein et al. (2001) dealing with all bryophytes of the
Neotropics (mosses, liverworts, hornworts) is notable. In
addition, there is a large series of floras dealing with
Neotropical mosses (for a list see Gradstein et al. 2001),
fewer on liverworts (Gradstein & Costa 2003; Gradstein &
Ilkiu-Borges 2009). For Africa, a broad spectrum moss key
has been translated from 1978, lacking modern familial

classifications, but is somewhat comprehensive (Petit
1992). More recent treatments on liverworts and hornworts
was published for West Africa by Jones et al. (2004), based
on an unpublished flora manuscript of the specialist of
African liverworts E. W. Jones, and for Rwanda by Fischer
(2013), including keys to genera and species and many
color photos. For the southwestern part of Asia (Arabia)
one can use the treatise by Kürschner and Frey (2011), for
Singapore mosses by Tan et al. (2008) and for liverworts
and hornworts of Java by Gradstein (2011). Other
treatments are available for China and Japan, where
bryology has long been studied, but publications were
mostly in the native languages until recently. Recent
publications include dozens of good floristic papers by
young bryologists from the tropical countries, for example
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from Brazil, Bolivia, Venezuela, Costa Rica, Puerto Rico,
Guadeloupe, but also West Africa, Reunion, Madagascar
and Malaysia.
Hedenäs (2007) used checklists from 78 countries to
determine the global diversity patterns of pleurocarpous
mosses. He found that most of this moss diversity occurred
outside the Holarctic area. Rather, the tropics have an
especially diverse pleurocarpous moss flora. Furthermore,
species turnover among pleurocarpous mosses is higher in
the tropics than in the temperate zone.
It is not surprising that the greatest number of
bryophyte species occurs in the tropics, with one-third of
the Earth's flora occurring in the tropical Americas alone
(Gradstein 1995a, b; Gradstein et al. 2001). Nevertheless,
there are fewer species of mosses in the tropics than in the
temperate zone; it is the liverworts and hornworts that
reach their peak of species here. Delgadillo (1998)
reported 3,900 species of mosses recorded from the
Neotropics but considered that the real number, taking into
account taxonomic revisions, might be considerably lower.
Gradstein et al. (2001) accepted about 2,600 species of
mosses, 1,350 of liverworts, and 30 of hornworts in the
region, and this number may further fluctuate due to
synonymy and new discoveries.
This number is
commensurate with the high diversity of flowering plants
(90,000) in the Neotropics, compared to 250,000 species of
flowering plants worldwide (Churchill et al. 1995a).
Frahm (1995) compared the European, tropical African,
and Neotropical moss floras, a task that provides the
knowledge base for many kinds of ecological studies.
On the other hand, estimates of the number of
bryophyte species in the tropics is compromised by the
large number of synonyms in the literature. For example,
Frullania atrata (Figure 2) has been widely misinterpreted
in the literature and has been confused with other Frullania
species, whereas the true F. atrata is rare (Uribe &
Gradstein 2003; Gradstein, pers. comm. 9 September
2018). The common Neotropical Marchantia chenopoda
(Figure 3-Figure 4) has 15 synonyms (Bischler 1984) and
the common pantropical moss Leucomium strumosum
(Figure 5) has almost 30 synonyms from all over the
tropics (Allen 1987). Such synonymy is mostly the result
of researchers in different parts of the world naming a
species as new because of inadequate knowledge of or
access to bryophytes in other locations.
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Figure 3. Marchantia chenopoda with antheridiophores, a
Neotropical species in a genus with many tropical synonyms.
Photo by Janice Glime.

Figure 4. Marchantia chenopoda females. Photo by Martin
Nebel, courtesy of Robbert Gradstein.

Figure 5. Leucomium strumosum, a tropical species with
almost 30 synonyms. Photo by Claudio Delgadillo Moya, with
permission.

Figure 2. Frullania atrata, a species name that has been
used for many similar Frullania species. Photo by Juan Larrain,
with permission.

Tropical liverworts in the families Lejeuneaceae
(Figure 6), Frullaniaceae (Figure 7-Figure 8), Radulaceae
(Figure 9-Figure 10), Plagiochilaceae (Figure 11), and
Lepidoziaceae (Figure 12) predominate among the
liverworts, with lesser numbers in Metzgeriaceae (Figure
13) and Aneuraceae (Figure 14) (Schuster 1988).
Gradstein (1995a) suggests that the liverwort genus
Plagiochila (Figure 11), with hundreds of species in
tropical montane forests, is generally considered the most
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diverse liverwort genus. Pendent taxa are common on
branches and tree trunks of the montane forests.

Figure 6. Cololejeunea truncatifolia (Lejeuneaceae) from
Uganda. Photo by Martin Wigginton, with permission.
Figure 9. Radula buccinifera on a tree in the Asian tropics.
Photo by David Tng <www.davidtng.com>, with permission.

Figure 7. Frullania (Frullaniaceae) in the Neotropics.
Photo by Michael Lüth, with permission.

Figure 10. Radula cf. voluta (Radulaceae) from the
Neotropics. Photo by Michael Lüth, with permission.

Figure 8. Frullania (Frullaniaceae) in the Neotropics.
Photo by Michael Lüth, with permission.

Figure 11. Plagiochila adianthoides (Plagiochilaceae) from
the Neotropics. Photo by Michael Lüth, with permission.
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Palaeotropical (Old World) clade, with two predominantly
Neotropical
subgenera
[Austrolejeuneopsis
and
Diplasiolejeunea (Figure 15) with the former containing
mainly epiphytic species, the latter mainly epiphylls] and
one predominantly Palaeotropical subgenus, Physolejeunea
(Figure 16), an epiphytic montane subgenus.

Figure 12. Lepidozia sp. (Lepidoziaceae), a common
tropical family of leafy liverworts. Photo by Ken-ichi Uedo,
through Creative Commons.

Figure 15.
Diplasiolejeunea brunnea (subgenus
Diplasiolejeunea) in Ecuador on leaf. Photo courtesy of Tamás
Pócs.

Figure 13. Metzgeria uncigera (Metzgeriaceae), a common
tropical family of liverworts. Photo by Blanka Aguero, with
permission.

Figure 16. Diplasiolejeunea plicatilobula, in the epiphytic
montane subgenus Physolejeunea. Photo by David Tng, with
permission.

Figure 14. Riccardia multifida (Aneuraceae), representing
a common tropical family. Photo by Hermann Schachner,
through Creative Commons.

Despite all these cautions about conspecific taxa that
have been given multiple names in multiple locations,
DNA genetics may once again expand the species number.
For example, Dong et al. (2012) analyzed molecular data
from the epiphyllous liverwort Diplasiolejeunea (Figure
15-Figure 16). This is a pantropical genus that occurs from
lowlands to more than 4,000 m altitude. This indicated that
the evolutionary diversity of the genus based on
morphology alone has been underestimated. The molecular
data indicate a distinct split between the Neotropical and

Checklists of the tropics are listed in Frahm et al.
(2003). For the geographic areas treated in this chapter, the
number of references given are probably less than
representative, but are listed to help researchers get started
on the areas. More recent references have been included
only as I have discovered them, with much help from
Robbert Gradstein.
Frahm et al. (2003) estimated that about 8,000 species
of bryophytes occur in the tropics, comprising half to twothirds of all the bryophyte species in the world. The
European flora has only about 1,600 species that one can
find in 32 floras. For the tropics, as of 2003, only 16 floras
existed. As will be seen in the following subchapters, the
liverworts and hornworts are much more abundant and
occupy a much higher percentage of the bryophyte flora in
the tropics compared to other regions of the world.
Nevertheless, many areas remain unexplored or poorly
explored, so numbers of species and numbers of endemics
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(known only from a limited area) should be compared with
caution.
Norhazrina et al. (2016) considered the beta diversity
[ratio between gamma (regional) and alpha (local)
diversities] of bryophytes in the tropics. They examined
the beta diversity of 7485 tropical moss species and 3276
tropical liverwort and hornwort species in 164 and 154
operational geographical units, respectively. They found a
"slight but significantly higher beta diversity among than
within tropical regions." They concluded that oceans
provide a significant barrier to the routine dispersal, even
for the easily dispersed bryophytes, causing large-scale
floristic patterns.
The following sections on diversity and endemism are
mostly historic. Hence, numbers are likely to be out-dated.
They are designed to provide the background and explain
why ecological studies in the tropics are occurring only
recently.
Africa
Africa is a continent with a wide range of tropical
habitats, from dry desert of the Sahara to the 5,895 m
summit of Mt. Kilimanjaro. The climate ranges from
tropical to subarctic, but much of the land is desert,
particularly the northern half.
One of the earliest recorded observations relating to
ecology of the African desert is that of Mungo Park. As
quoted in Crum (1983), Park was crossing 3220 km of
unknown land and African desert when he reported "I
considered my fate as certain, and that I had no alternative
but to lie down and perish… At this moment, painful as
my reflections were, the extraordinary beauty of a small
moss in fructification irresistibly caught my eye." Stark
(1860) captured the story in this poem (author not
specified):

the F. bryoides (Figure 17) group. This genus is
particularly common in Africa, with ~90 known species out
of 450 worldwide (Bruggeman-Nannenga, 2013a, b), with
a new one soon to be published from termite mounds
(Bruggeman-Nannenga in press; Ezukanma et al. in prep.).

Figure 17. Fissidens bryoides, possibly the moss found by
Mungo Park, or one of its close relatives. Photo by Hermann
Schachner, through Creative Commons.

O'Shea (1995) provided an early checklist of the
mosses of sub-Saharan Africa (Figure 18), listing 2939
species, based on the literature, and indicating distribution
by country. While he updated some of the nomenclature,
naming new combinations, much remained to straighten
out the duplication in names around the continent.

Figure 18. Sub-Sahara Africa. Photo from CIFOR, through
Creative Commons.

Mungo Park lived to tell the tale and a specimen of this
lowly moss was later identified as a species of Fissidens in

Ros et al. (1999) provided a checklist of northern
Africa. It is striking that only 171 liverwort species were
known, compared to 706 of mosses. It is likewise
remarkable that only 4 taxa were known from the Republic
of Mali or Niger.
Wigginton (2001b) noted that
Eucladium verticillatum is widespread in Mali, where it is
encrusted with tufa (variety of limestone formed when
carbonate minerals precipitate out of ambient temperature
water).
Pócs, with his coworkers, has been a lifelong
contributor to the bryophyte flora of Africa. Among his
earlier contributions was a joint paper (Bizot & Pócs 1974)
on bryophytes of East Africa, based on collections from a
number of bryologists, himself included. This included
441 species, of which 115 were new for East Africa and 4
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for all of tropical Africa and 30 were new for all of
continental Africa. Other studies reporting on African
bryophytes include Arnell (1956 – East African Mountains
– liverworts), Bizot & Pócs (1974, 1979, 1982 – East
Africa), Pócs (1990, 2011 – East Africa), Kürschner &
Onraedt (1990 – Republic of Djibouti), Grolle [1993 –
Zaire and Rwanda – Pallaviciniaceae (Figure 19),
Haplomitriaceae (Figure 20)], and Miehe & Miehe (1994
– Ethiopia).
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compilations as these laid the foundation that permitted
ecological work to begin.

Figure 21. Mount Mulanje, Africa. Photo by David Davies,
through Creative Commons.

Figure 19. Symphogyna brasiliensis female from the
Neotropics. This family Pallaviciniaceae also occurs in Africa.
Photo by George Shepherd, through Creative Commons.

Not all of the African tropics have a high bryophyte
diversity. In three locations in the Ekiti State, Nigeria
(Figure 22), 69 samples yielded only 8 species of mosses
(Adebiyi & Oyeyemi (2013), two of which were among
those studied by Odu (1981, 1982) in Nigeria for their
reproductive
phenology:
Pelekium
gratum
(syn.=Thuidium gratum; Figure 23) and Racopilum
africanum (Figure 24). A study of bryophytes in the
Eastern Nigerian Highlands yielded only 27 bryophyte taxa
– 22 mosses, 5 liverworts (Ezukanma et al. 2017).
Oyesiku (2012) reviewed the Nigerian bryophytes,
including a discussion of uses. His was one of the few
attempts to assess the importance of bryophytes to
agriculture and the effects that agriculture is having on the
bryophytes. He expressed concern that so few people are
working on Nigerian bryophytes.

Figure 20. Haplomitrium hookeri; Haplomitriaceae are
among the liverworts known from Zaire and Rwanda. Photo by
Des Callaghan, with permission.

In an update of his earlier checklist, O'Shea (1997a, b)
reported 3,048 taxa from sub-Saharan Africa (Figure 18),
but suggested that it will probably be reduced to ~1300
species by revisions. Based on an expedition of the British
Bryological Society to the Mulanje Mountain (Figure 21),
Wigginton (2001a) reported 64 taxa in the single leafy
liverwort family of Lejeuneaceae (Figure 6, Figure 15Figure 16). This report acknowledged 47 species new to
Malawi, emphasizing how poorly we knew the bryophyte
flora in so many tropical areas. Frahm (2003) bemoaned
the lack of studies in Africa and the likely number of
synonyms. Such taxonomic and floristic studies and

Figure 22. Ikole Town, Ekiti State.
through Creative Commons.

Photo by Tijae07,
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Figure 23. Pelekium gratum, a tropical Nigerian moss.
Photo by Shyamal L., through Creative Commons.

Figure 25. Cupressus macrocarpa. Photo by Ames, through
Creative Commons.

Figure 26. Acacia; forest floors of Acacia are covered by
bryophytes in Burundi. Photo from pxhere, through Creative
Commons.

Figure 24. Racopilum africanum with capsules, a tropical
Nigerian moss. Photo by Jan-Peter Frahm, with permission.

Few studies seem to be available from Ghana.
Hodgetts et al. (2016) reported on the bryophytes of the
Atewa Forest in eastern Ghana. The region is highly
threatened by farming, hunting, and illegal mining.
Hodgetts and coworkers explored the swamp forest and
upland evergreen forest where they expected the greatest
bryophyte richness. They identified 164 species, 58 of
which were new to Ghana.
The cover of bryophytes differs markedly, dependent
on light availability, litter cover, and climate. Petit and
Symons (1974) found that in the planted woods of
Cupressus (Figure 25) and Acacia (Figure 26) in Burundi
(an east African country with an equatorial climate), the
ground surface is mostly covered with bryophytes.
Nevertheless, in 17 woods, only 28 species were found, and
only 15 of these were typical for that habitat.

To demonstrate just how poorly some African floras
are known (Hylander et al. 2010), we need only look at the
new records from the biosphere reserve of Kafa in Ethiopia
(Figure 27). A team of 29 experts, but no bryologists,
spent 10 days collecting plants (Müller & Flügel 2016).
They did, however, bring some bryophyte specimens back.
While this yielded only 13 liverwort and 24 moss species, it
revealed 5 mosses not previously known from Ethiopia!
Hylander et al. (2010) found 89 species of liverworts,
of which 41 were new to Ethiopia (Figure 27), further
emphasizing that bryological explorations have been
inadequate there. Among these are many epiphyllous
species that are typically sensitive to drought. These are
mostly along streams where humidity remains higher. The
family Lejeuneaceae (Figure 6, Figure 15-Figure 16) is the
most common family, with several representatives in other
families, including Frullaniaceae (Figure 2, Figure 7Figure 8), Plagiochilaceae (Figure 11), and Radulaceae
(Figure 9-Figure 10).
In a more recent study, Hylander et al. (2017) found
139 moss species in montane forests of Ethiopia (Figure
28), of which 53 are newly reported for the country.
Meteoriopsis reclinata (Figure 29) is a new record for
Africa.
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species and infraspecific taxa to 776 in 2010 with the
addition of 123 taxa. They considered the presence of a
high altitudinal gradient and high rainfall regime, coupled
with relatively short distance to East Africa, to account for
the large number of species on an island with only 2512
km2.

Figure 27. Forest with native carrying firewood in Kafa,
Ethiopia.
Photo by Rod Waddington, through Creative
Commons.

Figure 29. Meteoriopsis reclinata was a new record for
Africa in 2017. Photo by Niels Klazenga, with permission.

Several studies have compared the bryophyte floras of
parts of Africa with other parts of the tropics (Frahm 1995),
including Asia (Pócs 1976), and Madagascar (Pócs 1975).
Oyesiku (2012) noted the "moribund" state of bryology in
Africa.

Figure 28. Semien Mountains, Ethiopia. Photo by Hulivili,
through Creative Commons.

Hedderson et al. (2015) added to the list of bryophytes
from Mabu Mountain in Mozambique, based on collections
from non-bryologists. They were able to identify 56
species, of which 43 were new records for the country. The
authors considered this small sampling of the country to be
indicative of its bryophyte diversity and the need for more
study.
Marline et al. (2012) provided an updated checklist of
Madagascar bryophytes. This updated list revealed 751
moss, 390 liverwort, and 3 hornwort taxa. Of these, ~29%
are endemic.
Reunion Island provides an interesting ecological site.
It has diverse habitats of lava flows and large topographic
relief. Ah-Peng et al. (2010) brought the total number of

Asia
The earliest studies on tropical Asian bryophytes are
those in Java. Dozy and Molkenboer produced Bryologia
Javanica (1856 – vol. 1, 1867 – vol. 2) on the Java mosses.
Later Max Fleischer produced a three volume set, the Moss
Flora of Java (1900-1922). For liverworts, Reinwardt et
al. (1824) and Nees von Esenbeck (1830) provided the first
species lists. These were followed later by the floras of
vander Sande Lacoste (1857, 1864) and Schiffner (1900)
(in Gradstein 2011). The latter work remained unfinished.
Most recently, Gradstein (2011) has presented the Guide to
the Liverworts and Hornworts of Java, covering nearly 200
years of bryological studies in Java. Approximately 1000
species of bryophytes are now known from Java (Robbert
Gradstein, pers. comm. 9 September 2018). The presence
of a biological research station at Cibodas (Figure 30) in
Indonesia, founded by the Dutch around 1890 in the
montane rainforest belt, has been of enormous help in
accomplishing these bryological studies, including also
work by Schiffner, Goebel, Giesenhagen, Verdoorn, and
others.
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most common (vanden Berghen 1983; Gradstein & Pócs
1989).

Figure 31. Ephemeropsis trentepohlioides with capsules, a
species from the Asian tropics, but also from Tasmania and New
Zealand. Photo by David Tng, with permission.

Figure 30. Botanical garden in Cibodas, Indonesia. Photo
by Hullie, through Creative Commons.

One of the early Asian studies was that of Dixon
(1935) who reported on the moss flora of Borneo (Figure
1). Other studies on Asian tropics in China and Japan have
been unavailable to people from other countries because
they were published in the native languages and not
understood by others. In some cases political boundaries
and cultural differences complicated the ability of
bryophyte ecologists to conduct studies. Redfearn (1990)
points out that many of the early studies in China have been
lost during the Cultural Revolution. And isolationism led
to much synonymy, even within China. At that time he
noted that much study was needed. Now there are many
bryologists in China, but work is still needed on the many
diverse habitats that define the country.
Asia has the most generic and familial diversity in the
tropics, with many taxa that occur only in the Asian tropics.
Africa, on the other hand, has few taxa of its own and little
liverwort diversity, as we currently understand the flora. In
the Americas, there are fewer unique moss taxa, but the
liverworts are more diverse, with cover of liverworts in
montane forests exceeding that of the mosses.
Asia is the center for distribution of a number of
tropical taxa in a variety of families and is home to the
epiphyllous (living on leaves) moss Ephemeropsis (Figure
31) and liverwort Metzgeriopsis (Figure 32) (Gradstein &
Pócs 1989). Again, members of Lejeuneaceae (Figure 6,
Figure 15-Figure 16) dominate liverworts, but with a
number of different genera. The African flora is less rich
and has few elements of its own. Typical mosses in the
Asian rainforest (Figure 33) are Leucoloma (Dicranaceae;
Figure 34), Cryphaeaceae (Figure 35), Rutenbergiaceae,
Hildebrandtiella
(Figure
36)
and
Renauldia
(Pterobryaceae – see Figure 183), and in both lowlands
and montane regions, Fissidens (Figure 37). Among
liverworts, Lepidozia (Figure 12; subgen Sprucella) is

Figure 32. Metzgeriopsis sp. growing on a palm leaf on
Bukit Larut, Malaysia, 1100-1200 m, with Malaysian bryologist
Kien Tai Yong (right). Photo courtesy of Robbert Gradstein.

Figure 33. Misty forest at Emei Shan, China. Photo by
McKay Savage, through Creative Commons.
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Figure 34. Leucoloma sp., a typical rainforest species.
Photo by Shyamal L., through Creative Commons.

Figure 37. Fissidens asplenioides, in a genus that is found in
both lowlands and montane regions. Photo by L. Jensen,
University of Auckland, with online permission.

Figure 35. Cryphaea heteromalla, a typical rainforest
species. Photo by Tim Waters, through Creative Commons.

Gradstein (1991) summarized the known Asian
Ptychanthoideae (Figure 38) in the leafy liverwort family
Lejeuneaceae (Figure 6, Figure 15-Figure 16). This group
was represented by 88 species in 17 genera, having fewer
genera but more species than this group in the Neotropics.
Gradstein suggested that the greater number of species in
Asia might be the result of the greater latitudinal extension
of the rainforest in the Far East. That region has 22% nontropical species of Ptychanthoideae compared to less than
2% in the Neotropics. It could also represent greater early
exploration.

Figure 36. Hildebrandtiella guyanense from the Neotropics,
in a typical rainforest genus. Photo by Michael Lüth, with
permission.

Figure 38. The tropical leafy liverwort Ptychanthus striatus.
Photo by Li Zhang, with permission.
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In Malaysia (Figure 39-Figure 40), the diverse
vegetation consists of swampy mangroves, extensive river
floodplains, dipterocarp forests, and montane forests
(Chuah-Petiot 2011). Altimontane (montane grasslands,
shrublands, and woodlands; Figure 40) communities occur
on Mt. Kinabalu in Sabah above 3300 m asl, with average
temperatures from 6º to 10ºC. The tropical climate of
Malaysia ranges in temperature from 21º to 32ºC; annual
rainfall is from 2000 mm to 3500 mm.

Malaysian (Figure 41) liverwort studies can be traced
to the year 1838 (Lee et al. 2018). Most of the collections
have been made from 1950 to 2000, with many new taxa
described.
In a recent paper, Chuah-Petiot (2011)
published a checklist of liverwort and hornwort species and
infra-specific taxa, citing 758 liverworts and 6 hornworts.
The Lejeuneaceae (Figure 6, Figure 15-Figure 16) far
outnumber the other liverwort families (282 taxa), as found
also in the study by Pócs and Chantanaorrapint (2016) in
Thailand, where 30 out of 38 liverworts were in the
Lejeuneaceae. In Malaysia, Chuah-Petiot found that
species richness of the Lejeuneaceae was followed by
Lepidoziaceae (110, Figure 12), Frullaniaceae (67; Figure
2, Figure 7-Figure 8), Plagiochilaceae (52; Figure 11),
Geocalycaceae (36; Figure 42), Lophoziaceae (35; Figure
43), and Radulaceae (35; Figure 9-Figure 10). As in many
areas of the tropics, the genera with the most Malaysian
species are Cololejeunea (84; Figure 44), Frullania (67;
Figure 2, Figure 7-Figure 8), Bazzania (53; Figure 45,
Figure 149), Plagiochila (47; Figure 11), and Radula (35,
Figure 9-Figure 10). More recently, Lee et al. (2018)
reported 747 liverwort species from Malaysia, occupying
nearly 15% of the liverwort diversity in the world.

Figure 39. Malaysian Pathway to Mount Kinabalu. Photo
by Arto Marttinen <Wandervisions.com>, through Creative
Commons.

Figure 41. Dermakot Forest Reserve in Malaysia. Photo by
Angela Sevin, through Creative Commons.

Figure 40. Mt. Kinabalu altimontane zone. Photo through
Creative Commons.

Figure 42. Heteroscyphus coalitus, a member of the
Geocalycaceae; this family is one of those present in the Atlantic
Forest. Photo by Yang Jia-dong, through Creative Commons.
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Figure 43. Lophozia incisa (Lophoziaceae) with perianth.
Photo by J. C. Schou, with permission.
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Among the older studies including mosses of Malaysia
(Figure 41) are those of Tixier (1980), Mohamed and Tan
(1988), Frahm et al. (1990), Inoue (1989), and Akiyama et
al. (2001). Mohamed and Tan (1988) reported 475 taxa of
mosses, a number that has changed with further studies and
nomenclatural synonymies. More recently, Suleiman et al.
(2006) enumerated 582 moss taxa from Sabah, Borneo.
Tan and Iwatsuki (1999) considered Mt. Kinabalu (Figure
40, Figure 46) to be one of four diversity hotspots for
mosses in Malesia, an area that includes the Malay
Peninsula, the Malay Archipelago, New Guinea, and
the Bismarck Archipelago. Vitt et al. (1995) characterized
the Orthotrichaceae flora of the Huon Peninsula of Papua
New Guinea. Higuchi et al. (2008) found 97 species of
mosses, exclusive of pleurocarpous species, on Mt.
Kinabalu. Among the rare species there is the moss
Takakia lepidozioides (Figure 47) near Paka Cave.
Higuchi and Lin (2005) found that the size and life form of
Takakia lepidozioides in Taiwan differ between sheltered
and exposed sites. Higuchi and coworkers (2008) found
that plants in their open sites on Mt. Kinabalu were larger,
forming loose mats, compared to those from sheltered
places.

Figure 44. Cololejeunea calcarea, among the genera with
the most species in Malaysia. Photo by Hermann Schachner,
through Creative Commons.

Figure 46. Mount Kinabalu, Borneo. Photo by Nep Grower,
through Creative Commons.

Figure 45. Bazzania in the Neotropics, among the genera
with the most species in Malaysia. Photo by Michael Lüth, with
permission.

Figure 47. Takakia lepidozioides, a rare species of moss that
occurs on Mt. Kinabalu. Photo through Creative Commons.
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In 2019, Pócs et al. added a number of new records to
the known liverwort (Lejeuneaceae) flora of the Huon
Peninsula, Papua New Guinea. They brought the number
of Cheilolejeunea (Figure 48-Figure 49) species to 21 and
the number of Drepanolejeunea (Figure 50) to 26. In this
publication they summarized altitudinal ranges for the
Peninsula, noting that most of the species are in the wet
montane rainforests at 1000-3000 m asl. Most of these
liverworts were epiphyllous on trees and shrubs with few
on tree trunks, twigs, or logs.

Kürschner (2003a) is among the more recent of the
Asian researchers. He studied epiphytes in the Asir
Mountains of Saudi Arabia and Yemen (see Tropics
subchapters on epiphytes). In a second study (Kürschner
2003b), he examined the xeric bryophyte community in
Yemen. He described a new association of Riccia jovetastiae with R. argenteolimbata and Barbula unguiculata
(Figure 51). This association occurs typically on the
shallow soils overlying volcanic rock outcrops in the
Sterculia africana (Figure 54) woodland. This area is
beset with monsoons. It supports a number of Ricciaceae
(Figure 52-Figure 53) and Marchantiaceae (Figure 3Figure 4) that are typical or xerotropical Africa. Riccia
atromarginata var. jovet-astiae (see Figure 52) and R.
albolimbata (Figure 53) are characteristic of this habitat.
The life strategies are characterized by shuttle species with
large spores, providing for a good diaspore bank.

Figure 48. Cheilolejeunea sp., a species-rich genus on the
Huon Peninsula, Papua New Guinea. Photo from the Auckland
Museum, through Creative Commons.

Figure 51. Barbula unguiculata, a species of the xeric
community in Yemen. Photo by Bob Klips, with permission.
Figure 49. Cheilolejeunea trifaria leaf cells showing oil
bodies; this is one of the Cheilolejeunea species occurring on the
Huon Peninsula, Papua New Guinea. Photo from taibif.tw,
through Creative Commons.

Figure 50. Drepanolejeunea sp., a species-rich genus on the
Huon Peninsula, Papua New Guinea. Photo from the Auckland
Museum, through Creative Commons.

Figure 52. Riccia atromarginata, a species found on the thin
soils of the Sterculia africana woodland. Photo by Jan-Peter
Frahm, with permission.
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Figure 55. Thai rainforest. Photo by Michael Cory, through
Creative Commons.
Figure 53. Riccia albolimbata, a species found on the thin
soils of the Sterculia africana woodland. Photo from Dale A.
Zimmerman Herbarium, Western New Mexico University, with
permission.

Figure 54. Sterculia africana woodland, where shallow
soils support xeric bryophytes such as Ricciaceae and
Marchantiaceae.
Photo by Joachim Beyenbach, through
Creative Commons.

Sukkharak and Chantanaorrapint (2014) summarized
the bryophyte studies that have occurred in Thailand
(Figure 55). They indicated two periods in bryological
studies. In the first period (1899-1977), foreign bryologists
were the contributors. In the second period (1977 to
present), bryologists from Thailand conducted the studies.
These studies resulted in 2 new species of hornworts, 20 of
liverworts, and 63 of mosses. Based on studies elsewhere,
48 remain unique to Thailand and may therefore be
considered endemic.

Many areas of the Asian tropics remain poorly
explored for bryophytes. Sulawesi, Indonesia (Figure 56),
is among such locations. Steep mountains with dense
vegetation make exploration difficult (Rowe et al. 2016).
In their exploration of the island, Gradstein et al. (2005)
found 476 species of bryophytes. Four moss species and
one liverwort species appear to be endemic to the island.
But several large genera are unknown from Sulawesi,
suggesting that sufficient exploration may be lacking.

Figure 56. South Sulawesi, Indonesia, Mountains. Photo by
Achmad Rabin Taim, through Creative Commons.

Few studies seem to be available on Viet Nam (Figure
57) bryophytes. Pócs (1969) surveyed the leafy liverwort
genus Bazzania (Figure 45, Figure 149).
A more
comprehensive study by Ninh (1993) recorded 178 taxa.
Much more comprehensive work is needed in that country,
and ecological work seems to be absent.
Sri Lanka (Figure 58) is likewise an understudied
country bryologically. Rubasinghe and Long (2014)
reviewed the history of bryological work in the country and
remarked on the goal to produce a comprehensive
bryophyte flora for Sri Lanka, the first of its kind for the
country.
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Figure 57. Vietnamese valley.
Creative Commons.
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Photo by Ottre, through

Figure 59. Australian rainforest locations. Image from
Department of Agriculture, Australian Government (ABARES),
with permission.

Australia

The Wet Tropics bioregion of Australia exists along
the seaboard of northeastern Queensland for about 500 km
(Goosem et al. 1999). The Wet Tropics climate usually has
two seasons, a wet season in December-April, with a
summer monsoon season and occasional tropical cyclones,
and then a nearly dry season in May-November when there
are occasional showers. Mean annual temperatures range
from 30ºC in the lowland to less than 10ºC in the montane
areas (Webb 1968). The rainfall is highly variable, being
strongly influenced by the local topography, and declining
both northward and southward (Adam 1994).
Monographic studies on genera and families
contributed to the possibilities for more accurate floristic
studies [e.g. Reese & Stone 1995 – Calymperaceae
(Figure 64-Figure 65); Streimann 1991 – Meteoriaceae
(Figure 60); 1997, 2000 – Hookeriaceae s.l. (Figure 61)].
Other studies have specifically compared the rainforests, of
which many are not in tropical parts of Australia (Ramsay
et al. 1987).

Scott (1985) provided a basis for bryophyte studies in
the late 20th century. While the nomenclature is largely
out-dated now, one can still use the reference for its keys
and figures, keeping a good modern checklist or database at
hand.
There are around 13 different rainforest types in
northeastern Australia (Figure 59), including inland "dry
rainforest" (Andi Cairns, pers. comm. 23 October 2019).
Among the somewhat earlier studies on Australian tropics,
Fensham and Streimann (1997) described the moss flora
from the inland dry rainforest in north Queensland. They
found that moss species richness correlated strongly with
several parameters: patch area, mean annual rainfall, and
tracheophyte species richness. Volcanic craters create
areas with increased moisture, supporting greater species
richness. Their analyses suggested that large closed canopy
patches create a humid microclimate where more species
are preserved. What seems to be most unusual is that a
high proportion of rare species were associated with the
soil – a substrate that in most tropical forests has few
species due to low light and heavy litter.

Figure 60. Papillaria crocea (Meteoriaceae), a tropical
epiphyte. Photo courtesy of Andi Cairns.

Figure 58. Rainforest in Sri Lanka. Photo by Dan Lundberg,
through Creative Commons.
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Figure 61. Achrophyllum dentatum (Hookeriaceae), a
species known from the Wet Tropics of Australia. Photo by Niels
Klazenga, with permission.

Even now, studies in the Wet Tropics of Queensland
are revealing new records and range extensions (Cairns &
Meagher 2017). Both Pleuridium nervosum (Figure 62)
and Pseudotaxiphyllum pohliaecarpum (Figure 63) were
new to this region, among a number of other new records.
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Figure 63. Pseudotaxiphyllum pohliaecarpum in the Wet
Tropics of Australia. Photo from Cairns & Meagher 2017, with
permission.

Figure 64. Calymperes motleyi with gemmae on leaf tips;
species of Calymperes are the only known species on the
mangrove trees in the Wet Tropics, but this area is poorly
explored. Photo by Niels Klazenga, with permission.

Figure 62. Pleuridium nervosum growing with Wilsoniella
karsteniana in the Wet Tropics of Australia. Photo from Cairns
& Meagher 2017, with permission.

Ramsay and Cairns (2004) found the greatest species
richness in the rainforests of high mountain peaks and on
the Atherton Tableland of the Wet Tropics bioregion. They
found that the mats, cushions, and pendents are able to
harvest water on their surfaces. These droplets of water
can store nutrient exudates and insect droppings, releasing
them slowly over time as leachates. The bryophytes are
able to reduce runoff and maintain forest humidity.
The mangroves, in contrast to the high diversity in
other parts of the Wet Tropics, have very little diversity,
with only Calymperes (Figure 64-Figure 65) species
present on the mangrove trees (Ramsay & Cairns 2004).
The terrestrial Taxithelium leptosigmatum (Figure 66Figure 67) forms extensive mats on mud and exposed
mangrove roots, especially if there is a high input of fresh
water.

Figure 65. Calymperes tenerum with gemmae on leaf tips;
species of Calymperes are the only ones on the mangrove trees.
Photo from Auckland Museum through Creative Commons.
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Figure 68. Pogonatum neesii, a soil bryophyte in the Wet
Tropics. Photo by Yang Jia-dong, through Creative Commons.

Figure 66. Taxithelium leptosigmatum on mangrove mud in
the Wet Tropics of Australia. Photo by Andi Cairns, with
permission.

Figure 69. Dicranella sp., a forest floor species in more
protected cuttings. Photo by Tisrel, through Creative Commons.

Figure 67. Taxithelium leptosigmatum on mangrove root in
Australian Wet Tropics. Photo courtesy of Andi Cairns.

On the forest floor one can find Pogonatum (Figure
68) and Dawsonia (Figure 84-Figure 85) where they gain
more exposure from road cuts (Ramsay & Cairns 2004).
Dicranella (Figure 69) and the rarer Garckea (Figure 70)
occur in more protected cuttings. Shaded earth banks and
forest tracks typically have colonizing species of Fissidens
such as F. crispulus (Figure 71) and F. perobtusus in
coastal areas or F. dietrichiae and F. pallidus (Figure 72)
at higher altitudes. The tiny earth mosses [Archidium
(Figure 73), Erpodium [now in Solmsiella (Figure 74) and
Venturiella (Figure 75)], and Gigaspermum (Figure 76)
are frequent, but difficult to locate. No specific study has
addressed epiphytes or epiphylls, but one can find
Distichophyllum mittenii (Figure 77) on leaves of filmy
ferns. Calyptrochaeta brassii (see Figure 78) is present on
Mt. Finnigan and Clastobryum cuculligerun var.
dimorphum (see Figure 79) on many high peaks in the
Australian Wet Tropics.

Figure 70. Garckea flexuosa with capsule, a forest floor
species in more protected cuttings. Photo by Manju Nair, K. P.
Rajesh, and P. V. Madhusoodanan, through Creative Commons.
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Figure 71. Fissidens crispulus, a colonizer on shaded earth
banks and forest tracks in the coastal areas of the Wet Tropics.
Photo by Jan-Peter Frahm, with permission.
Figure 74. Solmsiella biseriata leaves and rhizoids, a moss
that grows on trunks and branches of trees and sometimes on
boulders in the Wet Tropics of Australia. Photo by Heino Lepp,
Australian National Botanic Gardens, with online permission.

Figure 72. Fissidens pallidus, a colonizer on shaded earth
banks and forest tracks in the higher altitudes of the Wet Tropics.
Photo by Tom Thekathyil, with permission.

Figure 75. Venturiella coronatum with capsules, one of the
tiny mosses in the Wet Tropics of northern Queensland, Australia.
Photo courtesy of Andi Cairns.

Figure 73. Archidium ohioense with capsules, one of the
tiny earth mosses in the Wet Tropics of Australia. Photo by Li
Zhang, with permission.

Figure 76. Gigaspermum repens with capsules, one of the
tiny earth mosses in the Wet Tropics of Australia. Photo by
David Tng, with permission.
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Figure 79. Clastobryum habit, a genus in the Wet Tropics of
Australia. Photo courtesy of Andi Cairns.

Figure 77. Distichophyllum mittenii, a species found on the
stem of a tree fern in tropical Australia. Photo by Cairns &
Meagher 2017.

Figure 78. Calyptrochaeta sp. from New Zealand; C. brassii
is an endemic species in the Australian tropics. Photo by JanPeter Frahm, with permission.

We once thought that the larger mosses (e.g.
Dawsonia) in Polytrichaceae (Figure 80), Garovagliaceae
(Figure 81), Hypnodendraceae (Figure 82), and
Spiridentaceae (Figure 83) were unique to Asia (Gradstein
& Pócs 1989). However, we now know that most of these
families also occur in the Australian tropics. Dawsonia
longiseta (Figure 84) and D. polytrichoides (Figure 85)
occur in the Wet Tropics (Cairns et al. 2019)]. In the
Hypnodendraceae, Hypnodendron vitiense (Figure 87)
subsp. australe and H. vitiense subsp. vitiense both occur
in tropical Australia, as does H. spininervium (Figure 86).
Also in the Wet Tropics of Australia we find Ephemeropsis
tjibodensis (Figure 88), an epiphyllous moss. Garovaglia
(Figure 81) has since been moved to the Pterobryaceae
(see TROPICOS) and along with several other species in
this family or closely related ones occurs in the Wet
Tropics of Australia: Euptychium setigerum subsp.
setigerum, Garovaglia elegans (Figure 81) subsp.
dietrichiae, Garovaglia powellii (Figure 89) var. muelleri.
Hampeella concavifolia (Figure 90), Hampeella pallens
(Figure 91-Figure 92), and Ptychomnion aciculare (Figure
93) are also in the Australian Wet Tropics. Spiridens
(Figure 94), considered by Bell et al. (2007; Catcheside &
Meagher 2016) to be in the Hypnodendraceae, is only
known in Australia from Lord Howe Island. It is still
unknown in the Australian tropics, although it occurs
elsewhere in Eastern Hemisphere tropics.

Figure 80. Dawsonia superba, a species in the common
Asian tropical family Polytrichaceae (or Dawsoniaceae). Photo
by Phil Bendle, permission through John Grehan.
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Figure 81. Garovaglia elegans, a species in the common
Asian tropical family Garovagliaceae (now in Pterobryaceae;
see TROPICOS). Photo by Zen Iwatsuki, with permission.

Figure 82. Hypnodendron vitiense with capsules, a species
in the common Asian tropical family Hypnodendraceae.
Hypnodendron vitiense subsp. vitiense and H. vitiense subsp.
australe both occur in tropical Queensland. Photo by Marshall
Simon, through Creative Commons.

Figure 83. Spiridens reinwardtii, a species in the common
Asian tropical family Spiridentaceae (or Hypnodendraceae).
Photo by Daniel L. Nikrent, with online permission for noncommercial use.
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Figure 84. Dawsonia longiseta (Polytrichaceae) with
capsules, a species that occurs in the Wet Tropics of Australia.
Photo by Niels Klazenga, with permission.

Figure 85. Dawsonia polytrichoides (Polytrichaceae) with
capsules, a species that occurs in the Wet Tropics of Australia.
Photo from Naturemapr, through Creative Commons.

Figure
86.
Hypnodendron
spininervium
(Hypnodendraceae), a species that occurs in the Wet Tropics of
Australia. Photo through Creative Commons.
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Figure 89. Garovaglia powellii var. tahitensis; var. muelleri
occurs in the Wet Tropics of Australia. Photo by Claudine AhPeng, with permission.

Figure 87. Hypnodendron vitiense (Hypnodendraceae), a
species that occurs in the Wet Tropics of Australia. Photo by
David Tng, with permission.

Figure 88. Ephemeropsis tjibodensis protonematal mat on
palm leaf, an epiphyllous species in the wet tropics. Photo by
Tamás Pócs, with permission.

Figure 90. Hampeella concavifolia, a species that occurs in
the Wet Tropics of Australia. Drawing by Rod Seppelt, with
permission.
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Figure 91. Hampeella pallens, a species that occurs in the
Wet Tropics of Australia. Drawing by Rod Seppelt, with
permission.

Figure 92. Hampeella pallens, an epiphytic species in the
Wet Tropics of Australia. Photo courtesy of Andi Cairns.

Figure 93. Ptychomnion aciculare, a species that occurs in
the Wet Tropics of Australia. Photo by David Tng, with
permission.
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Figure 94. Spiridens muelleri, an endemic species on Lord
Howe Island, but the genus has not yet been found in tropical
Australia. Photo by Peter Woodard, through Creative Commons.

Dixon (1938) considered the bryophyte flora of
tropical Queensland as one of special interest to botanists,
considering both what had already been found and what
was yet to be discovered. It is currently considered a
hotspot for bryophyte diversity (Cairns et al. 2019).
More than 80 years later, new records of bryophyte
species are still being added regularly to the tropical
Queensland flora (Cairns et al. 2019). For example, family
or generic treatments of the Australian tropical moss flora
include
the
Brachytheciaceae
–
especially
Rhynchostegium / Platyhypnidium (Figure 95) (Huttunen
& Ignatov 2010), Stereophyllaceae – Entodontopsis
(Figure 96) (Meagher & Cairns 2014), Sematophyllaceae
– Clastobryophilum balansaeanum (Figure 97), a species
previously known only in New Caledonia, on bark with the
leafy liverwort Heteroscyphus aselliformis (Figure 97)
(Cairns & Meagher 2014) and Entodontopsis pygmaea
(Figure 96), a paroicous epiphytic species (Meagher &
Cairns 2014), Meteoriaceae (Figure 98) (Meagher &
Cairns 2016), and Orthotrichaceae – especially
Macromitrium (Figure 99) (Vitt & Ramsay 1985).
Comprehensive treatments of the liverwort flora include the
Lejeuneaceae (Figure 100) (Renner 2011), Radulaceae
(Figure 101) (Renner 2014, Renner et al. 2014), and
Lepidoziaceae (Figure 102) (Brown & Renner 2014;
Renner & Wilson 2018). Meagher (2019 reports 28 species
of Bazzania (Lepidoziaceae; Figure 103) in the Australian
Wet Tropics bioregion, representing the highest species
richness of the genus in Australia. These Wet Tropics
Bazzania species occur on trees, tree ferns, logs, soil,
rocks, rocks on stream banks, but are not epiphyllous
(Meagher 2019). In the Plagiochilaceae 8 species were
newly named from the Wet Tropics (Figure 104),
occupying the diverse substrates of forest floor saturated
humic soil, granite boulders, decaying wood, tree trunks,
branches, and twigs (Renner 2018).
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Figure 98. Meteoriopsis undulata on tree trunk in North
Queensland.
Photo from Meagher & Cairns 2016, with
permission.
Figure 95. Rhynchostegium tenuifolium, a species in the
tropical Queensland moss flora. Photo from Naturmapr.org,
through Creative Commons.

Figure 96. Entodontopsis pygmaea, a species in the tropical
Queensland moss flora. Photo from Meagher & Cairns 2014,
with permission.

Figure 97. Clastobryophilum balansaeanum with leafy
liverwort Heteroscyphus aselliformis (reddish) in Wet Tropics,
northern Queensland. Photo from Cairns & Meagher 2014, with
permission.

Figure
99.
Macromitrium
erythrocomum
(Orthotrichaceae), an endemic species in the Wet Tropics of
Australia. Photo from Ramsay et al. 2017, with permission.

Figure 100. Cololejeunea triapiculata, a species occurring
in the Australian Wet Tropics. Photo by Tamás Pócs, with
permission.

Chapter 8-2: Tropics: Geographic Diversity Differences

8-2-25

Figure 101. Radula oreopsis, a species occurring in the
Australian Wet Tropics. Photo modified from one by Matt
Renner, with permission.

Figure 104. Plagiochila obtusa, a tropical species from
northern Queensland. Photo by Leon Perry, through Creative
Commons.

Figure 102. Acromastigum implexum (Lepidoziaceae)
from the Wet Tropics, northern Queensland. Photo from Renner
& Wilson 2018, permission pending.

Figure 103. Bazzania adnexa, a widespread Bazzania in
Australia, including the tropical region. Photo by Jan-Peter
Frahm, with permission.

Australia appears to have received much more
attention (at least in English publications) than many of the
Asian countries. This has permitted ecological and
physiological studies to take place. Nevertheless, as
already noted, the tropical regions remain under-explored.
In 2004, Ramsay and Cairns contributed a checklist for the
Wet Tropics bioregion in northeastern Queensland (Figure
105), listing 397 species. This permitted them to determine
the families represented by the most species (Table 1).
They elaborated on habitat, distribution, and
bryogeographical affinities for the Wet Tropics. These
areas of study have been possible due to the strong
taxonomic background that is available online via the
Australian Mosses Online website. In 2019, Cairns et al.
released a new checklist that updated the nomenclature and
included new finds, bringing the total number of species of
mosses to 410, including 170 genera in 60 families. This
number is somewhat misleading because some families
decreased in number of species due to realization of
synonymy, while others increased (Table 1); the total of
new moss species was 55. Nevertheless, most of the
bryological studies in Australia have been in the southern
part where bryophyte-friendly habitats are more common
and accessible, but not tropical. The epiphytes and
epiphylls in the Australian tropical forests remain
unexplored in any comprehensive way.
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especially community studies, difficult to impossible. The
publication by Gradstein et al. (2001) made it possible to
expand the types of ecological studies that are feasible.

Figure 105. Tropical rainforest in northeastern Australia.
Photo by Thomas Schoch, through Creative Commons.
Table 1. Families of mosses exhibiting the highest species
richness in the Wet Tropics of Australia. The first line of each
family is based on Ramsay and Cairns 2004. The second line is
based on Cairns et al. 2019.

Family
Bryaceae

Number
of genera

5
9
Calymperaceae
7
7
Dicranaceae
7
8
Meteoriaceae
8
9
Sematophyllaceae
16
Sematophyllaceae 11
Pylaisiadelphaceae 7
Additional Species-Rich Families
Orthotrichaceae
4
Fissidentaceae
1

Number
of species
23
32
47
48
29
19
13
16
32
23
13
24
44

This history is representative of the background
necessary to carry out ecological studies on species
dominance, community structure, comparative diversity,
biomass comparisons, and many other aspects of ecology.
It demonstrates the long process needed before ecologists
can begin many kinds of studies and it helps to explain the
paucity of ecological studies in many parts of the tropics,
especially in Australia.
Neotropics
The Neotropics (Figure 106) is synonymous with New
World Tropics. It includes areas of Mexico, Central
America, the West Indies, Chocó, Northern Andes, Central
Andes, Amazonia, Guyana Highland, Planalto, and
Southeastern Brazil (Gradstein et al. 2001).
Until relatively recently, any comprehensive guide to
the bryophytes of the Neotropics was lacking. Researchers
had to find the scattered treatments among individual
papers, making comprehensive ecological studies,

Figure 106. Neotropics map. The dashed lines mark the
borders of the tropics, with Tropic of Cancer in the north and
Tropic of Capricorn in the south; the solid straight line is the
Equator. Photo from Ökologix, through Creative Commons.

Most studies have been exclusive to either mosses or
liverworts. Various studies contributing to these records
include, for mosses, Steere 1948 – Ecuador, Pursell 1973 –
Venezuela, Bowers 1974 – Costa Rica, Hermann 1976 –
Bolivia, Yano 1981, 2011 – Brazil, Florschütz Waard 1990
– Guianas, Menzel 1992 – El Salvador, Moreno 1992a, b –
Venezuela, Sharp et al. 1994 – Mexico, and Churchill &
Linares 1995 – Colombia. For liverworts, these include
Gradstein & Hekking 1989 – Guianas and Bolivia;
Gradstein 2006 – French Guiana, Gradstein et al. 2007 –
Ecuador, Gradstein 2016 – Colombia, Gradstein & LeónYánez 2018 – Ecuador, Gradstein et al. 2018 – Colombia.
But these provided primarily checklists and descriptions.
Those publishing the lists of species often did not have
access to specimens collected elsewhere. Hence, many
species from multiple countries were named more than
once, creating synonyms and inaccurate estimates of
species numbers and distributions. It was not until keys
became available that an ecologist had the tools needed to
conduct ecological studies that included species
information.
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To illustrate the problems caused by synonyms among
the bryophytes of the Neotropics, we need only examine a
few studies. Delgadillo et al. (1995) indicated 4,103
species and varieties of mosses recorded from the
Neotropics. Within five years, subsequent taxonomic
revisions reduced the number to 3,869 species and varieties
(Delgadillo 2000). Only one year later, Gradstein et al.
(2001, Table 2, page 3) estimated 3,980 species of all
bryophytes in the Neotropics, including only 2,600 mosses,
1,350 liverworts, and 30 hornworts, based on systematic
studies that found many synonyms.
Based on the 1996 expedition in the Chagos
Archipelago (Neotropics; Figure 107), Seaward et al.
(2006) found a good correlation of bryophyte diversity with
island size. But only 19 taxa were recorded on the 25
islands (out of 55) that they explored. They attributed the
low diversity to the remoteness and young age of the
islands, as well as their small size. Nevertheless, where the
bryophytes are found on these islands, they tend to be in
abundance and play "significant" ecological roles. They
found no evidence of host specificity of epiphytes and no
epiphyllous species were found by the expedition.

Figure 107. Salomons Atoll in the Chagos Islands in the
Indian Ocean. Photo by Charles and Anne Sheppard, through
Creative Commons.

Bryophytes are advantageous as indicators of
biodiversity and can be useful in broader conservation
efforts in the Neotropics (Salazar Allen et al. 1996).
Hence, the presentation of the treatise of Gradstein et al.
(2001) is of tremendous value to all Neotropical bryophyte
researchers. The two volumes present 200 genera of
liverworts and 400 of mosses. They provide not only
taxonomic aids, but also ecological attributes such as
habitat indicators.
The rainforest of the Americas (Neotropics) is quite
different from that in the African or Asian tropics
(Gradstein & Pócs 1989). The New World Americas are
characterized
by
Pilotrichaceae
(Figure
108),
Phyllogoniaceae (Figure 109), Porotrichodendron (Figure
110; Lembophyllaceae), Chorisodontium (Figure 111;
Dicranaceae), Octoblepharum (Figure 112; lowland;
Octoblepharaceae), and Phyllodrepanium (Figure 113;
Phyllodrepaniaceae)
among
the
mosses,
and
Monocleaceae (Figure 114) and numerous Lejeuneaceae
(Figure 6, Figure 15-Figure 16) among the liverworts. In
the Asian Lejeuneaceae, the subfamily Ptychanthoideae
(Figure 38) predominates, whereas in the Neotropics the
Brachiolejeuneae (Figure 115-Figure 116) predominate
(Gradstein 1991, 1994).

8-2-27

Figure 108. Cyclodictyon sp. (Pilotrichaceae) from the
Neotropics. Photo by Michael Lüth, with permission.

Figure 109. Phyllogonium viride (Phyllogoniaceae), a
genus characteristic of the Neotropics. Photo by Michael Lüth,
with permission.

Figure 110. Porotrichodendron superbum, a characteristic
species of the Neotropics. Photo by Juan David Parra, through
Creative Commons.
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Figure 111. Chorisodontium mittenii; Chorisodontium is a
characteristic genus in the Neotropics. Photo by Jan-Peter Frahm,
with permission.

Figure 114. Monoclea gottschei (Monocleaceae), a thallose
liverwort characteristic of the Neotropics, shown here with two
sporophytes. Photo by Martin Nebel, courtesy of Robbert
Gradstein.

Figure 112. Octoblepharum albidum; Octoblepharum is a
characteristic genus in the Neotropics. Photo by Niels Klazenga,
with permission.

Figure 113.
Phyllodrepanium falcifolium, a moss
characteristic of the Neotropics. Photo by Juan David Parra,
through Creative Commons.

Figure 115. Dicranolejeunea axillaris (Brachiolejeuneae)
in abundance in the pampa of the Galapagos Islands. Photo
courtesy of Robbert Gradstein.
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Figure 116. Lindigianthus cipaconeus (Brachiolejeuneae)
growing on tree fern in the Colombian Andes at 3000 m. Photo
courtesy of Robbert Gradstein.

Nevertheless, disjunctions among the liverworts
between the Neotropics (American tropics) and Africa are
well known (Pócs 1976, 1992; Gradstein et al. 1983;
Delgadillo 1993; Frahm 1995). Records in 1983 indicate
35 Afro-American shared species (see examples in Figure
117-Figure 118) (Gradstein et al. 1983). Most of these
liverwort disjuncts are in the Jungermanniales (leafy
liverworts) (Gradstein et al. 1983). By 1993, records
indicated the Neotropics shared 334 bryophyte species and
infraspecific taxa with the African tropics (Delgadillo
1993). This might be the result of an ancient land
connection or long-distance dispersal. These are just
hypotheses as experimental data on longevity of liverwort
spores is greatly lacking (Gradstein et al. 1983). Another
possibility is dispersal from Gondwanaland.

Figure 117. New and old tropical lowland disjunct species
between Africa and the Americas. Modified from Gradstein et al.
1983.

Figure 118. New and old tropical montane disjunct species
between Africa and the Americas. Modified from Gradstein et al.
1983.

North and South America seem to have more species
in common, sharing about 675 species (Delgadillo 1992,
1995). These include those with a continuous range and
those with a disjunct distribution. Migration seems to have
been stepwise, but some of these occurrences may have
resulted from the breakup of previous distributions. Others
arrived by long-distance dispersal. Other connections of
the bryophyte flora to other parts of the Americas is
through elevational distributions (Delgadillo & Cárdenas
1989). For example, the highlands of Chiapas, Mexico
(Figure 119), are suitable for growth of species that may be
found at lower elevations farther from the equator. The
Chiapas have 155 taxa of mosses that fit into five
phytogeographical elements. Mexico and Colombia alone
share 371 moss species (Delgadillo 1992). Of these, 25
have a disjunct distribution that suggests long-distance
dispersal. The Central American bridge facilitates the
exchange of species, but the northern Andes in Colombia
and the Neovolcanic Belt of Mexico form barriers that limit
that exchange.

Figure 119. Sumidero Canyon, Chiapas, Mexico. Photo by
Srplattano, through Creative Commons.
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Delgadillo (1984) reported on mosses of the Mexican
part of the Yucatan Peninsula (Figure 120). He identified
69 moss species and varieties and noted the similarities to
the flora of the West Indies. There are virtually no
endemics, perhaps due to the close connections with the
Mexico mainland and the West Indies.

Figure 120. Yucatan moist forest, Mexico. Photo by Carlos
Delgado, through Creative Commons.

(2006) reported diversity hotspots for mosses in this
tropical region, finding 596 moss species out of 980 known
for Mexico at the time. The tropical region of Oaxaca had
459 recorded species in 2011 (Delgadillo & Cárdenas
2011).
It seems that almost any expedition even now is likely
to reveal new records for the region. In 2001, Equihua et
al. reported nine new moss records for Mexico from the
Lacandona rainforest. The authors noted that these and
other records continue to corroborate the continuity of
bryophytes from North America to South America through
the Central American bridge.
In a study of only 6 hectares (about 6 rugby fields or
10 American football fields) in a Costa Rican upper
montane Quercus (oak) forest (Figure 122), Holz et al.
(2002) found 100 species of mosses, 105 of liverworts, and
1 hornwort. In the oak forests and páramo of the Cordillera
de Talamanca, Costa Rica, Holz and Gradstein (2005)
found 401 species of bryophytes. In both studies, the
number of mosses and liverworts was almost equal, with
Holz and Gradstein finding 209 mosses, 191 liverworts,
and 1 hornwort. To illustrate the limitations that early
ground-based studies imposed, studies in the lowland
rainforest found 50% of the bryophyte species only in the
crowns and upper trunks, >10 m above the ground
(Cornelissen & Gradstein 1990).

In the Liquidambar forest (Figure 121) of Mexico, 194
species of mosses were known in 1979 (Delgadillo 1979).
Of these, 70% are strictly American. This flora exhibits
both a wide altitudinal and latitudinal range in Mexico and
represents both tropical and temperate species.

Figure 122. Quercus (oak) tropical montane forest. Photo
by Cody Hinchliff, through Creative Commons.

Figure 121. Liquidambar forest canopy, through Creative
Commons.

Herrera-Paniagua et al. (2008) reported 212 moss
species for the Mexican state of Querétaro. As indicated by
endemism, this state has three distinct regions: the conifercloud-temperate forests in the northeast (Sierra Madre
Oriental), the more xeric parts in the center and southeast
(Mexican Plateau and ecotone areas of the Transmexican
Volcanic Belt), and the almost temperate areas in the south
(Transmexican Volcanic Belt). The Sierra Madre Oriental
province has the highest species richness.
The Trans-Mexican Volcanic Belt spans CentralSouthern Mexico from the Pacific Ocean to the Gulf of
Mexico between 18°30'N and 21°30'N. Villaseñor et al.

Acebey et al. (2003) found similar high numbers of
species in Bolivia (Figure 123). In a submontane rainforest
there, they found 80 species on just six trees, 48 liverwort
and 32 moss species. But they are quick to point out that
finding nearly all the species in the forest requires only a
small sample size. They estimate that these six trees had
floras that represented 95% of the total bryophyte flora of
the forest. Churchill et al. (2010) published a catalog of the
bryophytes of Bolivia with discussions of diversity,
distribution, and ecology.
In Cuba (Figure 124), an island in the Greater Antilles,
383 taxa were reported, mainly from mountain areas
(Motito et al. 1992). However, more recent studies seem to
be lacking, preventing an evaluation of Cuban species
compared to those of other localities.
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Figure 123. Santa Cruz, Bolivia. Photo by Vincent Raalvia,
through Creative Commons.

Figure 124. Montane moist forest on the slopes of Pico
Turquino, Santiago de Cuba, Cuba. Photo by Male Gringo,
through Creative Commons.

The tropical Andes (Figure 125) has by far the highest
bryophyte diversity in the tropical Americas. For a general
review on liverwort diversity in the Andes see Gradstein
(1995b). Gradstein et al. (1977) compared oil body
structures and examined the ecological distributions of
selected species of the leafy liverworts in the Andes of
Colombia. Churchill and co-workers listed 2,058 moss
species names but suggested the actual number was
probably closer to 1,500-1,700 because of likely synonyms
(Churchill et al. 1995b).
The extraordinary biological richness of the Andean
region is due to the great climatic and elevational variation
of the area as well as historical factors. The authors
concluded that an "increase in species diversity from the
poles to the equator does not apply to mosses" (Churchill et
al. 1995b). The latitudinal gradient has recently been
studied by Shaw et al. (2005) for mosses and by Wang et
al. (2016) for liverworts. These papers indicate that moss
diversity is highest in the Southern Hemisphere and lowest
in the Northern Hemisphere, with the tropics having an
intermediate level. Liverwort diversity, in contrast, is
highest in the tropics.

Figure 125. Andes, Ausangate hillside, Peru.
Marturius, through Creative Commons.
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Photo by

In the El Sira Communal Reserve of the Peruvian
Andes, Graham et al. (2016) found 171 liverwort species,
representing 51 genera and 18 families. This flora
flourishes in the high humidity, with sometimes more than
7500 mm in a year. Climate, soils, and microhabitat
delineated diverse distributional patterns along the 2000-m
elevational range.
An example of the high diversity is the San Francisco
Biological Reserve in the Andes of southern Ecuador
(Figure 126) (Gradstein et al. 2007). The reserve ranges
from 1,800 to 3,100 m asl and consists of about 1,000 ha of
pristine montane forest and páramo. Almost 570 species of
bryophytes (357 liverworts, 206 mosses, 3 hornworts),
including more than half the total number of liverwort
species known from Ecuador, have been recorded from the
reserve and the number is still rising (Schäfer-Verwimp et
al. 2013; Gradstein & Benitez 2017). One reason for the
high number of species recorded is probably the large
number of bryologists who conducted fieldwork in the
reserve and studied the collections. As Churchill et al.
(2009) remarked: "One could readily predict similar
diversity numbers throughout the montane forest of the
tropical Andes employing such expertise. This study
provides a basis for comparing other localities of similar
vegetation and elevational range."

Figure 126. Reserva Biológica San Francisco, southern
Ecuador. Photo courtesy of Robbert Gradstein.
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In contrast, lowland habitats are usually less rich in
bryophytes and do not provide for the same diversity seen
by the rest of the flora and fauna (Churchill et al. 2009).
While the number of niches in the multi-layered rainforest
is relatively high, much of the tropical lowland is
inhospitable to bryophytes, being too dry, too hot, or too
dark. Whereas Churchill (1991) suggested that there is no
strong latitudinal gradient of species richness from the
temperate zone to the tropics, Hallingbäck (1992) further
asserted that the temperate regions have a much higher
diversity of mosses than is known in the tropics.
But "known" may be the operative word. On the one
hand, many species have been described as different
species multiple times; Ireland (1992) reduced the number
of Latin American species of Isopterygium (Figure 127)
from 92 to 8, Edwards (1980) accepted only 6 of the 93
species of Calymperes (Figure 128) from West Africa, and
Bischler (1984) only 9 of 69 previously described New
World Marchantia (Figure 3) species. Many taxa have
been viewed as different simply because they were from a
new place (O'Shea 2002). On the other hand, we are just
beginning to explore the bryophytes high in the canopy
through the use of a number of somewhat recent techniques
(McClure 1966; Grison 1978; Perry 1978; Whitacre 1981;
Parker et al. 1992; Gradstein 1996; Zotz & Vollrath 2003).
Cornelissen and Gradstein (1990) report that about 50% of
the lowland rainforest bryophyte species of Guyana occur
in the crowns and upper bole, typically missed by early
bryological studies. Bryologists are beginning to find that
the canopy of these primary forests may support many
more species than the more-readily studied understory
(Cornelissen & ter Steege 1989; Wolf 1993a, b).
Bryophytes in the tropics find their dominance in different
places from those in the temperate forests.

Figure 128. Calymperes sp. (Calymperaceae), one of the
families that dominate in tropical Guyana. Photo by Niels
Klazenga, with permission.

In the lowland rainforests of Mabura Hill, Guyana
(Figure 129), South America, Cornelissen and Gradstein
(1990) found 134 bryophyte species. The dominant
bryophyte family is the leafy liverwort family
Lejeuneaceae (Figure 6, Figure 15-Figure 16), comprising
about 30% of the cryptogamic flora (including bryophytes
and lichens). As seems to be typical, the canopy accounted
for 50% of the species. The humid mixed forest on loamy
soil sports the richest liverwort flora.

Figure 129. Rainforest in Guyana. Photo through Creative
Commons.

Figure 127. Isopterygium tenerum; the genus Isopterygium
has had many of the same species named by different names in
the tropics, creating many synonyms. Photo by John Bradford,
with permission.

In Guyana (Figure 129), Calymperaceae (Figure 128),
Hookeriaceae (Figure 182), Hypnaceae (Figure 130),
Orthotrichaceae (Figure 99), and Sematophyllaceae
(Figure 131) dominate the mosses. Lepidoziaceae (Figure
12), Plagiochilaceae (Figure 11), and Frullaniaceae
(Figure 2, Figure 7-Figure 8), in addition to the species-rich
Lejeuneaceae (Figure 6, Figure 15-Figure 16), are the
predominant liverworts (Gradstein 1992). As will be
discussed in another subchapter of this chapter, epiphylls
(those algae, plants, and fungi living on leaves of other
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plants) are common in the lowland and lower montane
rainforests.

Figure 130. Mittenothamnium reptans, in the family
Hypnaceae, one of the dominant families from Guyana. Photo by
Michael Lüth, with permission.

Montfoort and Ek (1990) have provided us with a
detailed study in French Guiana (Figure 132), reporting 154
bryophyte species from only 28 mature trees (22 species) in
a lowland rainforest by sampling from tree base to top of
the canopy. Of these, 88 were liverworts, with 71 of these
in the Lejeuneaceae (Figure 6, Figure 15-Figure 16).

Figure 131. Sematophyllum sp. (Sematophyllaceae), one of
the families that dominates in tropical Guyana. Photo by Michael
Lüth, with permission.

Figure 132. Cataratas de Kaieteur, Guiana. Photo through
Creative Commons.

In Kartabo, Co-operative Republic of Guiana (Figure
132), Graham (1933) also found the most diverse family to
be the leafy liverwort family Lejeuneaceae (Figure 6,
Figure 15-Figure 16). The most abundant moss here, by
far, is Rhaphidorrhynchium subsimplex (see Figure 133),
a species that is likewise abundant in Trinidad. Gradstein
and Ilkiu-Borges (2009) compiled a guide to the liverworts
and hornworts of Central French Guiana, including
descriptions of habitats, especially the lowland cloud forest.
This guide included 175 species of liverworts and 2 of
hornworts, with the Lejeuneaceae again being the most
species rich with 117 species. This guide recognized new
combinations, providing updated nomenclature.

Figure 133. Rhaphidorrhynchium callidum; R. subsimplex
is abundant in Kartabo in the Co-operative Republic of Guiana
and in Trinidad. Photo by Juan Larrain, with permission.
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In Moraballi Creek rainforest in the Co-operative
Republic of Guyana (Figure 132), few species are very
frequent (Richards 1954). Calymperes lonchophyllum (see
Figure 134) and Octoblepharum albidum (Figure 135)
occur in all synusiae (high canopy epiphytes, shade
epiphytes, dead wood) except epiphyllous ones. Like most
of the moist rainforests, the stream area is characterized by
absence of ground-dwelling bryophytes, abundance of
epiphyllous bryophytes, and dominance of the leafy
liverwort family Lejeuneaceae (Figure 6, Figure 15-Figure
16).

Figure 134. Calymperes tenerum showing gemmae on leaf
tips. Calymperes lonchophyllum is a frequent species, occurring
in all synusiae except epiphylls at Moraballi Creek, Guyana.
Photo by P. J. de Lange, through Creative Commons.

Figure 135. Octoblepharum albidum, a frequent species
occurring in all synusiae except epiphylls at Moraballi Creek,
Guyana. Photo by Janice Glime.

The Chocó region (Figure 136) of Colombia has the
highest precipitation level in the Neotropical rainforests
(Frahm 2012) and one of the wettest rainforests in the

world (Frahm 1994), with an annual rainfall up to 12,000
mm, in some places even up to 15,000 mm. As a result, the
bryophyte flora differs from elsewhere and the mosses do
not serve as adequate indicators of the vegetational zones.
Rather, this location permits us to observe the effects of
high humidity on bryophytes.

Figure 136. Everwet lowland rainforest of the Chocó,
Pacific coast of Colombia. Photo by Jan-Peter Frahm, with
permission.

Frahm (1994, 2012) worked on the moss flora of the
Chocó region. Although it has a high level of endemism in
flowering plants, birds, and butterflies, the moss flora was
too poorly known to assess endemism. Frahm found 125
species of mosses on a transect from sea level to 1600 m
elevation, using 10-hectare plots and different altitudes. In
contrast, liverwort diversity in the same area was much
higher, more than 200 species were reported, including 13
endemic taxa (Gradstein & Reiner-Drehwald 2017). In
fact, Frahm (2012) found that mosses comprise only ~10%
of the bryophyte cover, whereas elsewhere at the same
elevational vegetation zone in the rainforest they comprise
40-50%. Gradstein (pers. comm.) commented that Frahm
was able to finish his moss identifications quickly and get
them published because there were rather few species only,
whereas it took years to complete the many more liverwort
identifications.
Some of the endemic liverworts of the Chocó region
(Figure 136), such as Fulfordianthus pterobryoides
(Figure 137), Luteolejeunea herzogii, and Symbiezidium
dentatum, all members of Lejeuneaceae (Figure 6, Figure
15-Figure 16), are surprisingly common and widespread in
the Chocó despite their absence elsewhere (Frahm 1994).
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The higher liverwort diversity in the Chocó is probably due
to the exceedingly high humidity in the area.
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Costa (2003) studied the Amazonian rainforest
bryophytes in Acre, Brazil. She revealed 514 species, with
two field trips increasing the known bryoflora by 50%. She
concluded that the diversity is still poorly known for the
Brazilian Amazon.
In their study in the Chapada Diamantina region of
Brazil, Valente et al. (2013) identified 400 bryophyte taxa,
with the forests and campos rupestres (Figure 139; dry,
rocky grasslands) accounting for 51% and 40%,
respectively. The caatinga (Figure 140; shrub and thorn
desert vegetation in interior northeastern Brazil) and
cerrado (Figure 141; savanna) accounted for only 5% and
4%, respectively.

Figure 137. The endemic Fulfordianthus pterobryoides on a
twig in Chocó, Colombia. Photo by Jan-Peter Frahm, with
permission.

When Vital and Visnadi (1994) surveyed the
bryophyte flora of the Rio Branco Municipality in Brazil,
they found only 76 species of bryophytes; 66 of these were
new records for the State of Acre and 2 were new records
for Brazil. The only hornwort was Notothylas vitalii
(Figure 138). We now know that there are at least 12
species of hornworts in Brazil (Felipe et al. 2016).

Figure 138. Notothylas sp.; N. vitalii was the only hornwort
known to Vital and Visnadi from Rio Branco Municipality in
Brazil in 1994. Photo by Blanka Aguero, with permission.

Figure 139. Campos Rupestres da Serra da Canastra, Brazil.
Photo by Antonio José Maia Guimarães, through Creative
Commons.

Figure 140. Caatinga – sertão nordestino, Brazil. Photo by
Maria Hsu, through Creative Commons.
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Figure 141. Cerrado, Campo Sujo, Brazil. Photo by
Andreza Oliveira Borges, through Creative Commons.

Recent studies mostly support the earlier ones, but
changes in nomenclature are reducing the numbers of
endemic species. Costa and Peralta (2015) reported 1,524
species of bryophytes in Brazil, including 11 hornwort, 733
liverwort, and 880 moss species. As has been typical, the
Lejeuneaceae (Figure 6, Figure 15-Figure 16) are the most
abundant (285 species!). Following that record high are
Lepidoziaceae (Figure 12) (48), Frullaniaceae (Figure 7Figure 8) (37), Ricciaceae (Figure 52-Figure 53) (36),
Plagiochilaceae (Figure 11) (27), Radulaceae (Figure 9Figure 10) and Metzgeriaceae (Figure 13) (26 each),
Lophocoleaceae (Figure 142) (18), Aneuraceae (Figure
14) (15), and Calypogeiaceae (Figure 143) (13).
Surprisingly, Sphagnaceae (Figure 144) sets the record for
mosses with 83 species, followed by Fissidentaceae
(Figure 145) (65), Pottiaceae (Figure 146) (63),
Dicranaceae (Figure 34, Figure 111) (54), Bryaceae
(Figure 147) and Sematophyllaceae (Figure 131, Figure
184) (53 each), Orthotrichaceae (Figure 99) and
Pilotrichaceae (Figure 148, Figure 182) (51 each),
Calymperaceae (Figure 128, Figure 134) (48), and
Hypnaceae (Figure 130) (28). Together, these account for
71% of the known bryophyte species in Brazil.

Figure 142. Lophocolea cf polychaeta (Lophocoleaceae)
from the Neotropics; Lophocoleaceae is one of the common
liverwort families in Brazil. Photo by Michael Lüth, with
permission.

Figure 143.
Calypogeia (Calypogeiaceae) from the
Neotropics; Calypogeiaceae is one of the common liverwort
families in Brazil. Photo by Michael Lüth, with permission.

Figure 144.
Sphagnum cuspidatum (Sphagnaceae);
Sphagnaceae is the moss common moss family in Brazil. Photo
by Michael Lüth, with permission.

Figure 145. Fissidens asplenioides (Fissidentaceae) from
the Neotropics; Fissidentaceae is one of the common moss
families in Brazil. Photo by Michael Lüth, with permission.
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Figure 146. Leptodontium stellatifolium (Pottiaceae) from
the Neotropics; Pottiaceae is one of the common moss families in
Brazil. Photo by Michael Lüth, with permission.

Figure 147. Bryum cellulare (Bryaceae); Bryaceae is one
of the common moss families in Brazil. Photo by Li Zhang, with
permission.

Figure 148. Crossomitrium patrisiae (Pilotrichaceae) from
the Neotropics; Pilotrichaceae is one of the common moss
families in Brazil. Photo by Michael Lüth, with permission.
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Other new records include those of Oliveira and Alves
(2007) for the State of Ceará, Brazil. Even at this recent
date, 35 of the 81 species they identified were new for the
state, and one was new for Brazil. In the Parque Ecológico
de Gunma, Pará, Brazil, Fagundes et al. (2016) found 103
species, with the liverworts exhibiting the greater diversity
(59).
Of course the Lejeuneaceae again had the
predominant representation of species (42). The rare
species predominated with 62 species, whereas generalists
were represented with only 47 species. Five new records
were uncovered.
Oliveira and Bastos (2009) contributed to the
knowledge of Anthocerotophyta and Marchantiophyta
from Chapada da Ibiapaba, Ceará, Brazil. Of the 10
thallose liverwort species found, this study revealed 3
species of thallose liverworts for the first time in
northeastern Brazil.
Florschütz-de Waard and Bekker (1987) compared the
bryophyte flora in different forest types in West Suriname.
They found the highest species richness in the marsh forest
and the lowest in the savannah and xeromorphic (having
structural adaptations to dry conditions) scrub forests.
Based on their microclimatic data, they considered
liverworts to have a greater ecological amplitude in these
forests than that of mosses, a conclusion different from that
in many ecosystems.
Although the Neotropics have not been studied to the
degree of the temperate systems, most areas have had at
least some studies. Spruce (1884-1885), Fulford (1963,
1966, 1968, 1976) and Gradstein (numerous papers, e.g.
Liverwort Flora of Brazil by Gradstein & Costa 2003 and
Liverwort Flora of French Guiana by Gradstein & IlkiuBorges 2009) studied liverworts.
Very little work,
however, has been done on the hornworts, a problem that
Villarreal (2007) and others are attempting to rectify.
A number of additional general Neotropical floristic
studies are available, but nomenclature should be reviewed
to find more recent revisions: Delgadillo (1976) on
bryophyte ecology in Veracruz, Mexico, Mägdefrau (1983
– forests and páramos of Venezuela and Colombia), van
Reenen and Gradstein (1983, 1984), Timme (1985 – Peru),
Buck & Thiers (1989), Gradstein et al. (1990 – Guianas,
especially lowland forest), Richards (1991 – Co-operative
Republic of Guiana and West Indies), Sastre de Jesus &
Santiago-Valentín [1996 – Puerto Rico, managed forests of
Cupressus (Figure 25) and Acacia (Figure 26)], Churchill
(1996 – Andes), Gradstein (1998 – páramos), Benavides et
al. (2006) in the Colombian Amazon, Gradstein et al.
(2016) on bryophytes of Sierra Nevada de Santa Marta,
Colombia among others.
More recently, Delgadillo-Moya et al. 2017) have
studied mosses in the cloud forests of Veracruz, Mexico.
They suggested that the terminology of Humid Mountain
Forest provided the broadest conceptual and geographical
term. Nevertheless, using the most restrictive definition of
the cloud forest, they found 323 species and varieties
through literature searches, field, and herbarium records.
A few have ventured into ecological studies such as
the vegetative variability of liverworts as demonstrated by
Bazzania (Figure 149) (Bernecker 1990) or the differences
among physiognomies in species richness and distribution
(Valente et al. 2013). Others have sought to make broader
statements regarding the ecology and biogeography
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(Gradstein & Pócs 1989). More recent studies, particularly
on epiphytes, epiphylls, altitude, and rock outcrops, will be
covered in more detail in subsequent subchapters of this
chapter. These studies point to the need for more studies in
order to gain a clear understanding of tropical bryophyte
ecology.

Table 2. Percent of endemism in tracheophytes and
bryophytes in tropical countries. From Frahm 2003.

Galapagos Islands
Cuba
Kilimanjaro
Usambara Mtns.
Réunion
Mauritius

Tracheophytes

Bryophytes

50%
50%

10%
12%
6%
3%
9%
6%

Figure 149. Bazzania sp., a genus with vegetative variability
from the Neotropics. Photo by Michael Lüth, with permission.

Endemism
Endemism (condition of species being unique to
defined geographic location) has in the past been
considered high in the tropics. In 1994 Delgadillo reported
48% endemism for mosses in the Neotropics.
He
suggested that endemism for mosses is higher in Bolivia,
Costa Rica, and Ecuador than in other Neotropical areas.
But he also considered that low numbers in some areas may
be due to insufficient study. In others, low numbers result
from strong connections with adjacent land masses having
suitable habitat. I would also caution that high numbers
may be the result of synonymy.
Frahm (2003) concluded that the rate of endemism is
much higher in the tropics than outside the tropics but it is
always much lower than that of tracheophytes (Table 2).
Furthermore, we must consider these earlier numbers of
endemics with skepticism. Throughout the tropics, many
researchers worked independently of each other. They
encountered bryophytes that were new to them and gave
them new names. But researchers in other locations
encountered these same bryophytes and gave them different
names. There were no comprehensive keys to species from
the tropics, and it was difficult to know that a species had
already been named by someone else in a different
location.
Schuster (1982) explained the high degree of
endemism in the liverwort flora of Gondwanaland (Figure
150) as a result of the break up and dispersal of
Gondwanaland.
The resulting isolation permitted
speciation that led to endemism. This was further
enhanced by extinctions in the Antarctic, leaving behind an
isolated flora in New Zealand. Schuster attributes the
current degree of endemism seen in the Antipodes
(Australia and New Zealand) to the climate changes and
breakup of Gondwanaland.

Figure 150. Gondwana Box Log Falls; Gondwanaland has a
high degree of liverwort endemism. Photo by Malcolm Jacobson,
through Creative Commons.

In Australia (Figure 105), endemism in the Wet
Tropics is among the highest in the country (Stevenson et
al. 2012). That area likewise had the highest number of
species. Areas having high numbers of species were not
necessarily the areas with endemism.
Schuster (1982) contended that only two areas had
high levels of endemic genera: Australasia and South
America. India (Figure 151) has few endemic groups, most
likely reflecting wide-spread extinction of cool-adapted
taxa. By contrast, Schuster listed 39 genera and 11
subgenera of leafy liverworts that were endemic to tropical
America. All but two of these endemic genera are in the
families Acrobolbaceae (Figure 152), Cephaloziellaceae
(Figure 151, Figure 155-Figure 156), Gymnomitriaceae
(Figure 153), Jungermanniaceae (Figure 154), and
Plagiochilaceae (Figure 11), or the very specialized
Lejeuneaceae (Figure 6, Figure 15-Figure 16). (Note that
family classification may be different now.) The endemic
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species, furthermore, are usually highly specialized. One
common feature of the liverwort genera Pteropsiella and
Protocephalozia in the Lepidoziaceae (Figure 12) and
Phycolepidozia (Figure 151, Figure 155-Figure 156) in the
Cephaloziellaceae is that they develop either a thalloid or
confervoid (loosely interwoven) gametophyte (Figure
156).

Figure 151. Phycolepidozia indica growing on rock in a
forest fragment at Mt. Tandiandamol at 1600 m in the Western
Ghats, India. Photo by Uwe Schwarz, courtesy of Robbert
Gradstein.

Figure 152. Acrobolbus ciliatus, in the Acrobolbaceae, a
family with several endemic species in the Neotropics. Photo by
Blanka Aguero, with permission.

Figure 153.
Gymnomitrion concinnatum, in the
Gymnomitriaceae, a family with several endemic species in the
Neotropics. Photo by Herman Schachner, through Creative
Commons.

Figure 154. Jungermannia rubra with perianth, in the
family Jungermanniaceae, a family with a number of
Neotropical endemic species. Photo by Ken-ichi Ueda, through
Creative Commons.

Figure 155.
Phycolepidozia indica habitat in forest
fragments on Mt Tandiandamol, Western Ghats, at 1600 m.
Photo by Uwe Schwarz, courtesy of Robbert Gradstein.

Figure 156. Phycolepidozia indica, a species that can
develop either a thalloid or confervoid (loosely interwoven)
gametophyte. Photo by Uwe Schwarz, courtesy of Robbert
Gradstein.
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In Australia (Figure 105), at least four endemic species
of the moss Macromitrium (Figure 99) occur in higher
elevation rainforests dominated by Nothofagus moorei
(Figure 157; not tropical) (Ramsay et al. 1987). Of these,
the tropical rainforests have three endemic Macromitrium
species: M. erythrocomum (Figure 99), M. dielsii, and M.
funiforme (Andi Cairns, pers. comm. 7 October 2019).

Figure 159. Sphagnum palustre with capsules in Sweden.
Photo by Oskar Gran, through Creative Commons.

Africa
In sub-Saharan Africa (Figure 160), O'Shea (1997b)
reported 77% of the 3,000 taxa to be endemic. However,
he warned that this figure may be misleading because the
bryophyte flora of Africa was (and still is) so poorly known
(and many may turn out to be synonyms).

Figure 157. Nothofagus moorei forest. Photo by David,
through Creative Commons.

Karlin et al. (2012) used Sphagnum palustre (Figure
158) in Hawaii to explore the viability of a species from a
single propagule.
They concluded that this species
currently has significant genetic diversity in Hawaii and
that vegetative propagation does not preclude evolutionary
success. This species is not known to produce sporophytes
in Hawaii, although it does in other parts of the world
(Figure 159).

Figure 158. Sphagnum palustre, a species with significant
genetic diversity in Hawaii. Photo by Bernd Haynold, through
Creative Commons.

Figure 160. Sub-Saharan Ruwenzori moss. Photo by Albert
Backer, through Creative Commons.

Pócs (1998) found a high species diversity (~700
species known in 1998) along the Eastern Arc Mountains
of Africa (Kenya and Tanzania; Figure 161), with only 32
(4.5%) endemic species, a low number even when
compared to that of tracheophytes in the area.

Figure 161. Usambara Mountains, Eastern Arc Mountains,
Tanzania. Photo by Joachim Huber, through Creative Commons.
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Asia
In 2003, O'Shea reported 11% bryophyte endemism in
Sri Lanka. The bryophyte flora of Sri Lanka is relatively
rich, with 561 taxa. In fact, Gunawardene et al. (2007)
considered the Western Ghats and Sri Lanka to be
biodiversity hotspots.
In the Azores (Figure 162), of the 89 epiphyllous
bryophyte species, 14 were considered endemic to the
Azores or to Macaronesia (Sjögren 1997). These are
somewhat frequent members of the endemic epiphyllous
(Figure 163) association, the Cololejeuneo-Colurion:
Cololejeuneetum azoricae (see Figure 44, Figure 163,
Figure 164).

Figure 164. Colura leratii in Fiji. Photo courtesy of Tamás
Pócs.

Figure 162. Island of Ponta Delgada, Azores. Photo by
Laragheast, through public domain.

The Asian endemics of the Ptychanthoideae (Figure
38) in the Lejeuneaceae (Figure 6, Figure 15-Figure 16)
tend to be restricted to subtropical and temperate regions,
with the majority also known from Eocene fossils
(Gradstein 1991). They are largely relicts (something that
has survived from earlier period). The Lejeuneoideae
(Figure 165-Figure 166) are mainly in the tropical
rainforests of the Malesian archipelago, are frequently
highly specialized, and have no fossil records.

Figure 163.
Cololejeunea diaphana and Lejeunea
floridana, common epiphylls. Photo by Scott Zona, through
Creative Commons.

Figure 165. Lejeunea flava (Lejeuneoideae) growing as an
epiphyte. The Lejeuneoideae are common in tropical rainforests
of the Malesian archipelago. Photo by Linda Phillips, through
Creative Commons.

Figure 166. Lejeunea flava (Lejeuneoideae), growing as an
epiphyll. Photo by Yang Jia-dong, through Creative Commons.
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In 1987 Piippo et al. reported 48% endemism among
the liverworts of New Guinea; 23% of the moss species
seemed to be endemic. Most of these occur between 1500
and 3500 m elevation. The researchers found a high degree
of endemism in the Frieda River Area and concluded that
this is due to the high levels of metals in the area. The
leafy liverworts Bazzania (Figure 149), Frullania (Figure
2, Figure 7-Figure 8), Plagiochila (Figure 11), and Radula
(Figure 9-Figure 10) have a high degree of species
endemism. The highest percentages of endemics among
liverworts were in the Plagiochilaceae (Figure 11) (78%)
and Schistochilaceae (Figure 167) (74%). Among the
mosses, the number of species is much smaller, so the
percentages may not be meaningful. The most notable may
be the Bryaceae (Figure 168) with 35 species, 12 of which
were considered endemic. The researchers cautioned that
many of the families had not been studied well, so these
numbers for both mosses and liverworts should be
considered preliminary. All of these numbers will need
revision after eliminating synonymy.

Figure 167. Schistochila sp., in the family Schistochilaceae,
a family with many endemics in New Guinea. Photo by Li
Zhang, with permission.

Figure 168. Bryum billardieri; Bryum is a genus with 12
endemic species in New Guinea. Photo by Jan-Peter Frahm, with
permission.

Piippo (1994a) reported 38.2% endemism in Western
Melanesia among the 440 species there. The highest
reported endemism occurs in Frullaniaceae (Figure 2,

Figure 7-Figure 8) and Plagiochilaceae (Figure 11).
Although this is a slightly more recent study, synonyms
again create a problem in determining endemism.
Piippo (1994b) also studied the liverwort family
Lejeuneaceae (Figure 6, Figure 15-Figure 16) of Western
Melanesia and reported that only 20.5% of these species
were endemic. She attributed this to the large number of
epiphyllous species in the family, a group that is
widespread throughout the tropics.
Australia
Ramsay et al. (1987) considered about 50-60 of the
mosses to be endemic to the Wet Tropics bioregion in
northeast Queensland (Ramsay & Cairns 2004). This
number is most likely no longer accurate due to new
discoveries and synonymy of old ones. One might expect a
high number here; the next closest known population is
5400 km away (Figure 169) from the Australian
populations (Meagher & Cairns 2016).

Figure 169. Australian tropical distance map.
Meagher & Cairns 2016.

From

In his report to the IUCN on areas and bryophytes to
be protected, Streimann (2000) noted that "a reasonable
number of endemics and restricted species are generally
found in higher, more moist ranges in north Queensland."
This area includes several high peaks with high levels of
rainfall and cloud cover. Such endemics as Calyptrochaeta
brassii (see Figure 78) (Streimann 2001) and Dicranoloma
braunii (Figure 170) occur on Mt. Finnigan. On the
Bellenden-Ker Range, Clastobryum dimorphum, once
considered an endemic to the Wet Tropics, has been
reduced to a variety of the more widespread Clastobryum
cuculligerum (see Figure 79), now as var. dimorphum
(Cairns et al. 2019). Mniodendron comatulum (Figure
171; treated as Hypnodendron comatulum in TROPICOS)
is another endemic to the Australian tropics. Because of
many nomenclatural changes and synonymies, the number
of endemics is most likely different from that suggested by
Ramsay et al. (1987), and it is likely that more endemics
will be discovered in the future in this relatively
underexplored part of Australia.
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Figure 170. Dicranoloma billarderii, a species common in
southern Australia; D. braunii is known only from Mt Finnigan in
the Wet Tropics of Australia, but is widespread in continental SE
Asia, Malesia and Oceania (Klazenga 2012). Photo by Niels
Klazenga, with permission.
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considered the area to be unique in harboring life-forms
and structural diversity of mosses that have been lost in
other tropical areas of Mexico.
As suggested by earlier studies, when DelgadilloMoya et al. reported on moss endemism in the entire
Mexican flora, they were only able to verify 77 endemic
species out of the nearly 1000 species. They identified
three main areas of endemism in Mexico: lowland areas in
various states, the mountain area along 19020ºN lat., and
the highlands in Oaxaca and Chiapas. Their data suggest
that the highest numbers of endemic species occur in the
Trans-Mexican Volcanic Belt, Sierra Madre Oriental,
Chihuahuan Desert, and Sierra Madre del Sur. Although
many areas have not been explored, they do not anticipate
many additions to the endemic list. It is likely that more
species will reveal a wider distribution as other areas of the
Neotropics are explored.
Fortunately, there are now good Neotropical
bryologists who are increasing our knowledge of that
bryoflora. Costa et al. (2015) examined the species
richness and floristic composition on an elevation gradient
in the Itatiaia National Park in Brazil. They reported 519
taxa, representing 10 elevations, using literature, herbarium
samples, and data banks. These represented 34% of the
total Brazilian bryoflora.
In southeastern Brazil, the endemic Bromeliophila
natans (Figure 172) is difficult to distinguish from
Lejeunea (Figure 173) (Gradstein 1997). It was so-named
because it lives in the basins of bromeliads (Figure 174)
(Heinrichs et al. 2014).
The Neotropical moss
Philophyllum tenuifolium (Leucomiaceae; Figure 175) is
also restricted to this unusual habitat.

Figure 171.
Mniodendron (syn.=Hypnodendron)
comatulum, endemic to the Australian Wet Tropics. Photo by
Clive Shirley, Hidden Forest <www.hiddenforest.co.nz>, with
permission.

Neotropics
Holz and Gradstein (2005) found more endemics in the
oak (Quercus) forests of Central America than in the
páramo. They considered that the high percentages of
endemic bryophytes in oak forests in Central America
reflected the importance of climatic changes associated
with Pleistocene glaciations. In an older publication,
Delgadillo (1998) likewise reported a high endemic
element, with ca. 47% endemics. At that time, he reported
2,900 species of mosses, a number that decreases when
systematic studies uncover synonymy. He considered
isolation as the major contributor to endemism.
Delgadillo et al. (2003) compared endemism in the
mosses, grasses, and Asteraceae. Of the 2,373 endemic
taxa known among these groups, 86 are mosses; 2030 are
Asteraceae. In an earlier study, Delgadillo and Cárdenas
(2002) reported no endemic taxa from the Monies Azules
Biosphere Reserve, where they identified 136 species and
varieties, plus 8 more from published records. In the
Chiapas, Mexico, Delgadillo and Cárdenas (2002) found
that endemic taxa are "virtually absent." Nevertheless, they

Figure 172. Bromeliophila natans, an endemic species that
lives in bromeliad basins. Drawing from Heinrichs et al. 2014,
slightly modified, through Robbert Gradstein.
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It is interesting that Spruceanthus theobromae (Figure
176) is endemic to the Cacao (source of cocoa) plantations
(Figure 177) of western Ecuador (Gradstein 1999). Kautz
and Gradstein (2001) concluded that because of its host
specificity on Cacao and its exclusive occurrence in
plantations, it should be removed from the World Red List
of Bryophytes and its status changed to that of a near
threatened species. Its survival depends on the low
management intensity of plantations such as those in
western Ecuador.

Figure 173.
Lejeunea floridana and Cololejeunea
cardiocarpa on leaves. Photo by Scott Zona, with permission.

Figure 176. Spruceanthus theobromae, a species endemic
to Cacao plantations in western Ecuador. Photo by Robbert
Gradstein, with permission.
Figure 174. Bromeliads in the trees, showing basins where
bryophytes can grow. Photo by Gail Hampshire, through Creative
Commons.

Figure 177. Cacao plantation in Cameroon.
Barada-nikto, through Creative Commons.

Figure 175. Philophyllum tenuifolium herbarium specimen.
Photo from Natural History Museum, London, through Creative
Commons.

Photo by

Due to the efforts of a number of bryologists, the flora
of Brazil is reasonably well known. Endemism in the
Atlantic rainforest of Brazil reaches 242 endemic species
out of the 1,337 species present (Costa & Peralta 2015).
The dense ombrophilous (tolerant of wet conditions) forest
here has 73% of these species represented, 62% of which
are endemic. The southeastern region, with 1,228 species
in total, has 219 endemic species. But the Atlantic
rainforest in southeastern Brazil has most of the
endangered species. Further monographic, worldwide or
continent-wide studies may reduce the number of endemic
species, but numbers are starting to approach reality.
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Pócs (2019) recently reported a large number of
liverworts new to Peru, two of which are endemic: Colura
ochyrana (Figure 178) and Drepanolejeunea halinae
(Figure 179), both restricted to the Andes.

Figure 178. Colura ochyrana, a new endemic species from
the Peruvian Andes. Photo modified from Pócs (2019), with
permission.
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for a long enough period of time that a new species
evolved. On the other hand, if the population originated
from lower elevations, it might have become a new species
through the founder principle (loss of genetic variation
that occurs when new population is established by very
small number of individuals from larger population),
followed by natural selection for characters that suited their
mountain habitat.
To try to answer this question, Merckx et al. (2015)
examined the species on Mount Kinabalu, a 4,095 m high
mountain in Sabah, East Malaysia. They found that most
of the unique species of the mountain are younger than the
mountain (6 million years). This mountain exhibits a mix
of pre-adapted immigrant lineages and descendants from
local lowland ancestors, suggesting that the species did not
arrive by long distance. Nevertheless, substantial shifts
from lower to higher vegetation zones in these lowland
groups were rare. The presence of sibling pairs of
Frullania (Figure 2, Figure 7-Figure 8) with each member
of the pair at a different elevation range of the same
mountain (Figure 180) would tend to support the latter
(Glime et al. 1990). Is there any reason to think that both
processes could not occur? Is one of them the dominant
cause?

Figure 180. Levins and Freeman-Tukey niche width and
elevational range of sibling pairs of Frullania on Mount Albert
Edward, Papua New Guinea. Redrawn from Glime et al. 1990.
Figure 179. Drepanolejeunea halinae, a new endemic
species from the Peruvian Andes. Photo modified from Pócs
(2019), with permission.

Visnadi (2015) likewise reported on the Atlantic Forest
of southeastern Brail, at Mata Atlântica. This research
revealed 199 species newly known for the area, bringing
the total for the area to 220 species. This added two new
records for Brazil and revealed locations of 13 Brazilian
endemic species.
Causes of Endemism
Merckx et al. (2015) surmise that tropical mountains
are diversity hot spots, but also exhibit a high degree of
endemism. They point out that researchers have debated
whether these mountain endemics originate more from
local lowland taxa or from long-range dispersal from cool
localities elsewhere. The latter could be similar to the
separation of many frog species on different mountain tops,
as discussed in the interaction chapter on amphibians in
volume 2. This would presume that the species arrived, but
was separated from interbreeding with the original species

Patiño et al. (2014) attempted to explain the
emergence of endemism by questioning why some genera
diversify and others do not. Speciation on islands through
gradual change from a founder population has been termed
anagenetic speciation. They challenge this approach,
saying that this process does not lead to "rapid and
extensive speciation within lineages." Using surveys of the
endemic bryophyte, fern, and seed plant floras of nine
oceanic archipelagos, they showed that anagenesis (species
formation without branching of evolutionary line of
descent) was highest in bryophytes (73%), as measured by
the proportion of genera with a single endemic species.
Ferns had 65% and seed plants 55%. They concluded that
"the dominance of anagenesis in island bryophytes and
pteridophytes [ferns] is a result of a mixture of intrinsic
factors, notably their strong preference for (sub)tropical
forest environments, and extrinsic factors, including the
long‐term macro‐ecological stability of these habitats and
the associated strong phylogenetic niche conservatism of
their floras."
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Dangers to Endemics
Silva et al. (2014) raised concerns about conserving
key species of bryophytes.
They created potential
distribution models for ten species that had been classified
as bio-indicators of environmental quality and/or were
endemic to the Atlantic Forest or to Brazil. Distributions of
nine of the species could be explained by the Mean Diurnal
Temperature Range. They raised concern that these species
were not known in all the potentially suitable areas and that
only 27% of the potentially suitable areas overlapped with
Conservation Units.
While these species were not
specifically endemic, this approach could be used for
determining the need for areas to protect endemic species.
Like Silva and coworkers (2014), Raxworthy et al.
(2008) found that temperature was important in shifting
altitudinal distributions of plants and animals, with
increasing temperature likely to surpass a warming
threshold for some species. Of three endemic species in the
tropical montane of Madagascar, two could not be
relocated after 10 years. In addition, out of nine species
analyzed, seven species had shifted their distributions to
higher elevational means. In the 10 years of study, the
mean lower elevation limit had shifted upward 29-114 m.

Calymperaceae (Figure 128, Figure 134) and
Sematophyllaceae (Figure 131, Figure 184), in particular,
as well as Fissidentaceae (Figure 17, Figure 37),
Leucobryaceae (including Octoblepharum; Figure 112),
Pilotrichaceae (Figure 182), and Pterobryaceae (Figure
183) (Pócs 1982). The Calymperaceae are distributed
primarily in the humid lowland tropical and subtropical
forests (Reese 1993). These primarily epiphytic taxa are
usually dioicous but produce numerous gemmae at their
leaf tips, facilitating short-distance dispersal (Gradstein &
Pócs 1989). Whereas Calymperes (Figure 128) is
restricted to the lowlands, another tropical member of
Calymperaceae, Syrrhopodon (Figure 185), extends up to
more than 2,000 m elevation.
Both are primarily
corticolous (growing on bark), but occur also on logs in the
first stages of decomposition. In the Sematophyllaceae,
Taxithelium planum (Figure 184) is abundant enough to
be termed a weed in the lowland tropical forests of the
Americas (Buck 1985; Churchill & Salazar Allen 2001).

Tropical Rainforests
Whitmore (1998) provided an introduction to the
tropical rainforest. These forests are evergreen, and the
precipitation occurs more or less equally throughout the
year, exceeding ca. 2000 mm per year. Under the umbrella
of rainforests (Figure 181), Frahm and Gradstein (1991)
recognized elevational rainforest types (see Chapter 8-1).
The elevations of the different types of rain forest are lower
on islands than on the continent. In areas with prolonged
dry periods (>3 months), these forests are replaced with
deciduous forests, seasonal forests, and savannahs. These
types of forests will be discussed more specifically in the
subchapters on Altitude.
Figure 182. Cyclodictyon sp., representing Pilotrichaceae, a
family that increases in representation as one goes toward the
tropics. Photo by Michael Lüth, with permission.

Figure 181. Hawaiian tropical rainforest.
Photoeverywhere, through Creative Commons.

Photo from

Early researchers in the tropics considered the tropics
to be an "inexhaustible" source of new bryophyte species
(Pócs 1982). Richards (1954) bemoaned the scantiness of
studies on the species and their ecology in tropical
rainforests.
As one moves from the temperate zone into the tropics,
there will be an increase in members of the moss families

Figure 183. Pireella pohlii, representing Pterobryaceae, a
family that increases in numbers as one goes toward the tropics.
Photo by Michael Lüth, with permission.
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Figure 184. Taxithelium planum, a common moss species
in lowland Neotropical forests. Photo by Michael Lüth, with
permission.

Figure 185. Syrrhopodon gaudichaudi from the Neotropics,
where the genus is known up to 2000 m asl. Photo by Michael
Lüth, with permission.

Ramsay et al. (1987) stressed the importance of
learning the role of bryophytes in the rainforest ecosystem
in order to encourage more study of rainforest bryophytes.
Jordan et al. (1980) could only hypothesize on the role of
epiphytes in scavenging nutrients and moderating the flux
of nutrients in the throughfall. Since then, Nadkarni and
her students have greatly increased our knowledge of the
role of bryophytes in nutrient relationships in the tropics
(see Nutrient Relations in Chapter 8-1 of this volume).
Elevation and waterways are major contributors in
determining the flora. Dixon (1935) described that below
the Borneo ridgetop, cushions of the moss family
Dicranaceae (Figure 34, Figure 111) are relatively
common on both the ground and on logs, but liverworts
remain more abundant. Near the stream, the large, pendent
moss Spiridens reinwardtii (Figure 83) might be found on
tall tree ferns.
Dixon also reported abundant
Macromitrium ochraceum (Figure 99) under the thin cover
of Dacrydium (Figure 186; Podocarpaceae) and
Leptospermum (Figure 187; Myrtaceae).
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Figure 186. Dacrydium cupressinum; the genus Dacrydium
provides cover for Macromitrium ochraceum near streams in
Borneo. Photo by James Shook, through Creative Commons.

Figure 187. Leptospermum trinervium, in the genus that
provides cover for Macromitrium ochraceum near streams in
Borneo. Photo by John Tann, through Creative Commons.

Several additional studies are helpful in understanding
the rainforest bryophyte communities. Giesenhagen (1910)
described moss species of the rainforest. Pócs (1987)
reported the changes in the biomass and productivity of
bryophytes in east African rainforests. Gradstein and Pócs
(1989) discussed tropical rainforest ecosystems and
biogeography. Equihua and Gradstein (1995) compared
the bryophyte communities of a rainforest with those of an
old field. A more recent comprehensive study is that of
Gradstein and Sporn (2010) on land use gradients.
Pantropical Distributions
Although liverworts seem to reach particularly high
diversity in the tropics, moss richness estimates, based on
86 taxonomic checklists, do not support the hypothesis of a
richer moss flora in the tropics compared to that of other
latitudes (Shaw et al. 2005). Nevertheless, the latitudinal
gradient for just North, Central, and South America was
significant. Molecular data suggest that the Southern
Hemisphere exhibits a higher diversity than does the
Northern Hemisphere.
The tropics are intermediate.
Furthermore, virtually all the moss lineages are represented
in all three latitudinal zones. Hence, it should be no
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surprise that mosses have travelled long distances and that
many tropical mosses, particularly above the species level,
are pantropical. This reasoning fits the Baas-Becking
Hypothesis that everything is everywhere, a principle that
seems to apply well to organism with small, resistant
propagules such as spores (see Volume 2, Chapter 2-6; Pisa
et al. 2013).
By examining tropical bryophyte communities in both
Old World and New World tropics, Kürschner and Parolly
(1999) could compare the differences. They concluded that
although communities may be similar among the Americas,
Africa, and Asia, there is not a pantropical (in tropics of
both Eastern and Western Hemispheres) bryophyte flora.
Could this be a result of too many bryologists giving
different names to the same species in different places? In
any case, there are clear similarities among the bryophyte
communities of the three continents and a pantropical class
of epiphyte communities can be recognized. Earlier,
similarities and differences among the bryofloras of the
tropical Americas, Africa, and Asia have been described by
Theodor Herzog (1926) in his classical treatise Geographie
der Moose. Recent studies such as that of Dauphin L. and
Grayum (2005) support the relatively large number of
pantropical species, with 16% of their 55 collected species
of bryophytes from the dry lowland forests and moist
montane forests of the Santa Elena Peninsula and Islas
Murciélago, Guanacaste Province, Costa Rica, being
pantropical.
While most of the species are not pantropical, many
families and genera are, and certain general community
characters are present. For example, Germano and Pôrto
(2006) examined bryophytes in Pernambuco, Brazil (Figure
188), and found that the community distribution patterns
and growth forms were similar to those of other humid
tropical forests, but in Pernambuco the richness was
somewhat less. In their study, the most diverse bryophyte
flora was that of corticolous (living on bark) bryophytes
(33% of species). Epixylic (growing on wood, i.e., trunks
without bark, mostly logs) bryophytes were next (23%).
With this high diversity, it is somewhat surprising that
communities share 75% of the species. Liverwort diversity
is higher than that of mosses, with a ratio of 23:1 among
the epiphyllous (living on leaves) and 2:1 among
corticolous species. However, terricolous (living on
ground) species exhibited a 1:3 ratio of liverworts to
mosses. The researchers also found that epixylic species
were not specific for degree of decomposition, nor did
richness vary with degree of decomposition.

Figure 188. National Park of Catimbau, Pernambuco, Brazil.
Photo by Guilherme Jófili, through Creative Commons.

The mangroves, in contrast to the high diversity in
other parts of the Wet Tropics, have very little diversity,
with only Calymperes (Figure 64-Figure 65) species
present on the mangrove trees (Ramsay & Cairns 2004).
The terrestrial Taxithelium leptosigmatum (Figure 66Figure 67) forms extensive mats on mud and exposed
mangrove roots, especially if there is a high input of fresh
water.
Substrate Specificity
Usable substrates in the understory of mature lowland
forests are somewhat limited. The forest floor is typically
covered with leaf litter that buries bryophytes. Rock
surfaces may be available, especially vertical surfaces, if
there is sufficient light. The forest itself provides trunk,
branches, and leaf surfaces as substrates. At higher
elevations, the soil and rock surfaces provide suitable
surfaces. Soil in disturbed areas and other areas with
sufficient light provides an available substrate. Bien (1982)
examined substrate specificity of the leafy liverworts in a
rainforest in Costa Rica. A later subchapter will be devoted
to the leaf as a substrate for epiphyllous liverworts.
In a study in the Ecological Reserve of Gurjaú,
Pernambuco, Brazil, Germano and Pôrto (2005) found few
species that have substrate specificity. Rather, they
typically occurred on two or three types of substrates.
Some, however, were exclusively corticolous (barkdwelling): Archilejeunea fuscescens (see Figure 189),
Cheilolejeunea rigidula (see Figure 190), Lejeunea
monimiae (Figure 191), some species of Frullania (Figure
2, Figure 7-Figure 8), and additional members of the
Lejeuneaceae (Figure 6, Figure 15-Figure 16, Figure 191Figure 192). Few epiphyllous species were restricted to
leaves, including several species of Cololejeunea (Figure
163) and Leptolejeunea elliptica (Figure 192). Only
Neckeropsis disticha (Figure 193) was restricted to rocks
(rupicolous). On the ground the typical bryophytes were
Fissidentaceae (Figure 17, Figure 37), thallose liverworts,
and the hornwort Notothylas vitalii (see Figure 194).

Figure 189.
Archilejeunea olivacea; Archilejeunea
fuscescens is a species that grows exclusively on bark at
Pernambuco, Brazil. Photo by John Braggins, through Creative
Commons.
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Figure 190. Cheilolejeunea imbricata; Cheilolejeunea
rigidula is a species that grows very commonly on bark at
Pernambuco, Brazil. Photo by Yang Jia-dong, through Creative
Commons.

Figure 191. Lejeunea monimiae, a species that is strictly
corticolous in the Pernambuco study site in Brazil. Photo by
Elena Reiner-Drehwald, with permission.
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Figure 193. Neckeropsis undulata, a family (Neckeraceae)
that indicates very shady, wet habitats in the tropics. Photo by
Michael Lüth, with permission.

Figure 194. Notothylas javanica; N. vitalii is a similar
common hornwort on the ground in the Ecological Reserve of
Gurjaú, Brazil. Photo by Li Zhang, with permission.

Forest Floor

Figure 192. Leptolejeunea elliptica, a species restricted to
leaves at the Pernambuco study site in Brazil. Photo by Yang Jiadong through Creative Commons.

The forest floor of the lowland rainforest is nearly
devoid of bryophytes, suffering from the same leaf burial
found in temperate deciduous forests (Richards 1954), but
also suffering from the multi-layered canopy that blocks a
large percentage of the sunlight.
But decaying logs, stumps, and branches here can host
a number of taxa. It is here, in the low light and high
humidity, that one finds Leucobryum (Figure 195) and
mosses in the Hookeriaceae (Figure 182), Hypnaceae
(Figure 130), and Sematophyllaceae (Figure 131, Figure
184) (Gradstein & Pócs 1989).
Liverworts of the
Lepidoziaceae and Lophocoleaceae (Figure 196), rather
than the seemingly ever-present Lejeuneaceae (Figure 6,
Figure 15-Figure 16, Figure 191-Figure 192), thrive here.
Generally, only on road cuts, termite mounds, and other
disturbed soil can one find bryophytes, including many
Fissidens (Figure 17, Figure 37) species.
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Figure 197.
Trichomanes petersii and bryophytes.
Rockhouses have collections of plants similar to these. Photo by
Robbin Moran, with permission through Dale Vitt.
Figure 195. Leucobryum juniperoideum; Leucobryum
occurs on stumps, logs, and branches in the tropics. Photo by
Hermann Schachner, through Creative Commons.

Figure 196. Leptoscyphus sp., a tropical representative of
the Lophocoleaceae, where the family is common on logs. Photo
by Paul Davison, with permission.

Rockhouses
Outside the tropics, rockhouses can mimic the
conditions prevailing in some tropical habitats. These
rockhouse cliffs, occurring as geologic formations in the
eastern United States, are sufficiently deep holes among the
rocks to buffer both temperature and moisture extremes.
Added to this are very low light conditions, thus in several
ways mimicking conditions deep under the tropical
rainforest canopy. These caves house a group of endemic
species whose closest relatives are tropical, as well as
disjunct species with a primarily tropical range (Farrar
1998). Although the ferns are the most conspicuous of
these plants, the bryophytes are the most numerous (Figure
197). Farrar suggests that their vegetative reproduction and
adaptation to net photosynthetic gain in very low light
makes their existence in these unusual habitats possible.
Evidence of morphology, physiology, genetics, and
geology suggest that they have persisted in these relict
habitats since the pre-Pleistocene when the eastern U.S.
experienced tropical and subtropical climates.

Summary
Although some bryophytes are pantropical or have
disjunct distributions on both sides of the Atlantic, their
specialized habitats often restrict their distributions.
This is indicated by a higher beta diversity among than
within tropical regions. Nonetheless, the greatest
number of bryophyte species occurs in the tropics. But
many publications represent synonyms and many areas
remain to be explored. Furthermore, it appears that
increase in species diversity from the poles to the
equator does not apply to mosses.
Tropical liverwort families are dominated by
Lejeuneaceae,
Frullaniaceae,
Radulaceae,
Plagiochilaceae, and Lepidoziaceae, with lesser
numbers in Metzgeriaceae and Aneuraceae. The moss
Fissidens has ~90 species in Africa. In tropical Asia
and Australia, common mosses include the large
species
in
Dawsoniaceae,
Pterobryaceae,
Ptychomniaceae, and Hypnodendraceae. The
liverwort family Lejeuneaceae is particularly speciesrich in Asian tropics.
In the Australian Wet Tropics, moss species
richness correlates strongly with patch area, mean
annual rainfall, and tracheophyte species richness. The
greatest species richness occurs in the rainforests of
high mountain peaks and on the Atherton Tableland of
the Wet Tropics bioregion. The tropical mangroves
have little diversity, with only Calymperes species as
epiphytes. Road cuts and downed forests permit the
growth of such large mosses as those in
Polytrichaceae. Several liverwort families are very
species rich.
In the Neotropics, typical moss families are
Pilotrichaceae, Phyllogoniaceae, Lembophyllaceae,
Dicranaceae,
Octoblepharaceae,
and
Phyllodrepaniaceae. Dominant liverwort families
include Monocleaceae and Lejeuneaceae, with the
subfamily Ptychantheae mainly in Asia and subfamily
Brachiolejeuneae mainly in the Neotropics.
An inordinate number of endemic species has been
reported from the tropics, but this number has been
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steadily decreasing as synonyms are determined.
Furthermore, the rate of bryophytic endemism is much
lower than that of tracheophytes. O'Shea reported that
77% of the sub-Saharan bryophyte flora was endemic,
but warned that this large number probably represented
many synonyms. Some of the liverwort families in
Asia reach such high numbers, but mostly the
endemism reported there is notably lower. Records in
the Neotropics are similar to those of Asia. Tropical
mountains are often diversity hot spots, and distance
from similar habitats can lead to endemism, but these
also are a source of many synonyms. Nevertheless,
differences in selection pressures with elevation can
cause speciation. But endemic species, by their very
nature of having a restricted distribution, increase their
probability of extinction. Only 27% of the areas
deemed suitable for them occur in protected areas.
Much exploration is still needed in areas of little or no
collecting, hinting at more new species and endemic
species on the horizon. The Australian Wet Tropics are
still underexplored. There is a greater chance for
discovery of new endemic species there because of the
distance from other tropical areas of the world.
The tropical rainforest provides a wide range of
niches due to its multiple levels of vegetation heights.
To the usual substrata of rocks, logs, trunks, and
branches, the tree and shrub leaves add a highly diverse
assemblage of liverworts. The soil, however, typically
has too many leaves and not enough light penetration
for bryophytes to survive. As one goes from the
temperate zone to the tropics, the moss families
Calymperaceae, Sematophyllaceae, Fissidentaceae,
Leucobryaceae/Octoblepharaceae,
Pilotrichaceae,
and Pterobryaceae increase in representation.
Liverworts are typically more species-rich than mosses.
In the eastern United States, rockhouses created on
mountainsides and slopes provide a tempered
environment where a number of tropical species are
able to survive.
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